t 


,  / 


V 


JTKE  EFFECTS  OF  HERBICIDES  IN  SOUTH  VIETNAM 

PART  B:  WORKING  PAPERS 

'  FEBRUARY  1S74 


MODELS  CT  HERBICIDE,  MANGROVES,  AND  WAR  IN  VIETNAM 


HOWARD  T.  ODUM,  MAURICE  SELL,  MARX  BROWN,  JAMES  ZUCCHETTO, 
CHARLES  SWALLOWS,  JOAN  BROWDER,  T.  AHLSTRQM ,  AND  L.  PETERSON 


NATIONAL  ACADEMY  OF  SCIENCES  -  NATIONAL  RESEARCH  COUNCIL 


WASHINGTON,  D.D.  20413 

Rffp'-otfuced  by 

NATIONAL  TECHNICAL 
INFORMATION  SERVICE 

U  S  Department  of  Commerce 
Springfield  VA  22151 

* 

/ 


prsTRiBirno:;  c7/vn:Mi:;~  a 

Approved  for  public  release; 
Distribution  Unlimited 


D  C 

’©rpnanEi 


n 


MAY  29  1974 

IfflEBoannsiiu 


AD-779  031 


THE  EFFECTS  OF  HERBICIDES  IN  SOUTH  VIETNAM 

PART  B.  WORKING  PAPERS:  MODELS  OF  HERBICIDE, 
MANGROVES,  AND  WAR  IN  VIETNAM 


National  Academy  of  Sciences-National  Research- Council 


February  1974 


Nations!  Technical  Information  Service 
U.  S.  DEPARTMENT  OF  COMMERCE 


V 


MODELS  0?  HERBICIDE,  MANGROVES,  AND  WAR  IN  VIETNAM 


Final  Report  to  National  Research  Council 


Subcontract  No.  RA.23-72-28 


December  ,  1973 


Howard  T.  Odum,  Maurice  Sell,  Mark  Erown,  James  Zucchetto, 
Charles  Swallows,  Joan  Brovder,  T.  Ahlstrota,  and  L.  Peterson 

Environmental  Engineering  Sciences 
University  of  Florida 
Gainesville  32601 


with  Subcontract  Report  (?5)  by 

Philip  C.  Miller,  James  Ehrleringer,  Barry  Hynum,  and  Wayne  Stoner 

Department  of  Biology,  Center  for  Regional  Environmental  Problems, 
California  State  Universtiy,  San  Diego,  California  92115 
with  Auxiliary  Field  Work  Supported  Under  AEC  Contract  AT  (04-3)  -  807 


Contents 


1.  Abstract 


2.  Introduction  and  Project  Narrative 

3.  Model  of  Mangrove  Productivity,  Herbicide  Spraying,  Wood  Cutting  and 
Seedling  Availability  in  the  Rung  Sat  Zone  of  South  Vietnam  -  M.  Sell 

4.  Nutrient  Models  and  Perspective  on  Mangrove  Recovery  in  Rung  Sat  -  J.  Browder 
T.  Ahlstrom,  and  M.  Sell 

5.  Digital  Simulation  of  Potential  Reforestation  Problems  in  the  Rung  Sat  Delta, 
Viet  Naas  -  P.  Miller,  J.  R.  Ehrleringer,  B.  Hynum,  and  W.  Stoner 

6.  Ordering  and  Disordering  in  South  Vietnam  by  Energy  Calculation  -  M.  Brown 

7.  Simplified  Simulation  Model  of  Vietnam  and  the  Impact  of  Herbicides  - 
J.  Zucchetto 

8.  A  Simplified  Simulation  of  the  Impact  of  herbicide  and  War  on  Productivity 
in  Vietnam  -  C.  Swallows 

9.  Effect  of  Aerial  Application  of  Herbicides  On  a  Mangrove  Community  in 
in  Southwest  Florida  -  M.  Sell 

10.  Effects  of  Herbicides  on  Ecosystems 

1%  Mangrove  System  Analysis  -  Appendix  A  -  A.  Lugo,  M.  Sell,  and  S.  Snedaker 


V 


ABSTRACT 


This  i a  a  final  report  of  a  contract  between  the  Systems  Ecology  group 
of  Environmental  Engineering  Sciences  and  the  National  Research  Council  for 
developing  data  models  and  simulation  of.  herb  .cide,  mangroves,  and  the  relative 
role  of  these  in  the  overall  energy  system  of  Viet  Nam  at  war.  Work  started 
with  a  Bpecial  conference  on  mangroves  and  models  in  June,  1972  f«-oa  which  a 

work  plan  evolved  for  models  of  recovery  of  m;ingrove3  of  the  Rur.  Sat  district 

l  • 

and  a  visit  by  H.  T.  Odum  to  Vung  Tau.  Simulations  of  the  Runt  fat  system 
showed  serious  delays  in  mangrove  reforestation  possible  from  Teed  shortages 

fcf  ■ 

and  shortage  of  seed  trees  due  to  high  levels  of  wood  cutting  and  extensive 
defoliation.  Data  on  seedlings  and  other  parMTie*’“’"s  from  Viet  Nam  were 
supplemented  with  data  from  south  Florida,  whore  H.  Tear  conducted  a  herbicide 
spray  test  on  Marco  Island.-  Models  of  nutrient  balance  showed  that  loss  of 
wood  and  leaves  due  to  Spraying  removes  a  large  fraction  of  available  phosphor"? 
but  not  a  large  fraction  of  available  nitroger .  However,  annual  river  flows  in 
the  Rung  Sat  situation  bring  in  enough  phospherus  for  regrov'.h  sc  that  nutrient 
limitations  do  not  seem  to  be  limiting  reforesteti^u. 

Under,  a  subcontract  extending  thermal  studies  done  In  Florida,  modelling 

initiative  of I; the  systems  ecology  group  at  San  Diego,  California  showed  high 

(  i1 

surface  mud  temperatures  and  dessicaticn  poterJtial.’y  inhibitory  in  much  of  the 
deforested  mangrove  area.  Poor  survival  of  planted  seedlings  in  uushaoed  med  in 
Viet  Nam  suggest  possible  importance  of  thsse  factors. 

Simulations  of  two  simplified  models  of  Viet  Nam  as  a  whole  suggest  a  pulse 
of  overall  war  disruption  followed  by  a  stimulated  recovery,  the  energy  loss 
during  a  20-year  period  being  about  Ik  Perspective  from  comparing  e-  ergy  flows 

showed  an  impact  of  herbicide  as  Tk  cf  r '•«  energy  budget  *'  rint  Nrm  .n  years  of 

.  t> 

spraying  a  greater  effect  than  the  rest  of  the  va: 's  disrupt lc".- 

Thus  models  and  measurements  were  used  to!  estimate  it l affve  factor  magnitudes 
and  times  of  recovery  and  to  show  perspective  bf  the  herbicide  spray  in  the 
overall  pattern  of  Viet  Naa.  } 
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INTRODUCTION  AND  PROJECT  NARATIVE 


Systems  modelling  and  energy  perspective**  evaluations  were  needed  by 
the  National  Research  Council  Committee  for  the  Evaluation  of  Herbicide 
in  Viet  Nam  for  several  purposes  ar.d  a  contract  was  arranged  for  the  work 
to  be  done  for  these  purpuaes: 

1.  Since  modelling  and  simulation  is  regarded  also  as  a  research 

■  '1  -  N.  "  -  "  :  ■  . 

plann-'r.g  tool,  our  contract  activity  was  also  directed  at  clarifying 

questions ,  scanning  knowledge  a  id  concepts  among  specialists  concerned  with - 

rtr proves  and  war  models  for  the  general  input  to  the  main  committee.  Thus, 
as  contracted,  a  mangrove  modelling  conference,  was  held  in  June,  1972  from 
which  a  number  of  special  qut scions  and  needs  were  raised  concerning  planting 
of  mangrove  seedlings  further  testing  of  the, sensitivity  of  mangrove  communities 
and  their  roles  following  herbicide  action.  The  results  of  the  conference 
discussions,  the  additional  literature  search,  the  field  data  and  the 
suggestions  derived  from  planning  models  were  fed  back  to  the  various 
deliberations  of  the  main  committee. 

In  the  work  with  models  a  language  of  < nergy  symbols  was  used.  See 


Fig.  1,  These  are  used  to  express  differential  equations.  See  also  Odum,  1971. 

For  example,  the  qualitative  model  in  Fig.  2  was  drawn  to  summarize  committee 
discussions  of  important  factors  at  a  Puerto  Rico  meeting. 

2.  In  the  early  examination  of  the  questions  about  herbicide  action, 
a.  special  problem  van  identified  in  the  mangrove  districts  as  represented  by 
the  Rung  Sat  south  of  Saigon  (Fig.  3),  Here,  the  ground  was  remaining  almost  bare  and 
vegetation  did  hot  aeem  to  be  coming  back  very  rapidly.  The  committee  arranged 
for  various  measurements  to  be  made  to  verify  the  rate  ci  recovery  and  test 
various  hypotheses  for  the  alow  recovery.  Among  the  possible  limitations  to 
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Figure  1 


SOME  SYiffiOLS  USED  IN  ENERGY  CIRCUIT  DIAGRAMS* 


SOURCE 
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Figure  2  '  MODEL  OF  HERBICIDES  IN  MANGROVES  IN  VIETNAM 
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Figure  3 


regrowth  were  microclimate,  adequacy  of  seed  source  from  remaining  trees 
in  the  district,  and  adequacy  of  nutrients  for  plant  growth.  These  are 
quantitative  uestions  for  which  models  may  show  perspective  and  simulations 
of  the  models  show  the  ultimate  consequences  for  various  alternative  factors. 

In  the  work  o!  this  contract  mangrove  models  were  developed  and  simulated  with 
special  attention  to  seed  source,  nutrients,  and  wood  cutting  of  potential-- — 
trees.  ! ome  field  measurements  were  made  in  Viet  Nam  and  in  Florida  to 
get  data  for  the  model.  Sections  3,  4,  ami  5  concern  these  objectives. 

—  3.  Initial  examination  of  the  extent  of  herbicide  action  raised  the 

question  of  tie  relative  importance  of  country -wide  herbicide  actions  to  the 
normal  processes  and  economy  of  the  whole  country  and  the  relative  importance 
of  herbicide  among  other  disruptive  aspects  of  war  such  as  bombs,  military 
actions,  plowing,  guerilla  activity,  displacement  of  people,  etc.  If  main 
relationships  could  be  shown  in  a  systems  model,  and  if  the  correct  orders  of 
magnitude  of  energy  flow  could  be  assigned  to  these  pathways,  then  these  numbers 
would  provide  quantitative  estimates  of  the  relative  role  of  herbicide  action 
at  the  time  cf  action.  If  approximate  computer  simulations  were  also  done 
showing  the  time  of  disruption  and  recovery,  these  quantitative  estimates 
could  be  extended  to  show  the  overall  cumulative  effects.  The  cumulative 
effect  could  be  considered  with  and  vithoyt  financial  stimulation  to  the  energy 
recovery  processes.  The  general  effect  of  herbicide  in  defoliating  upland 
vegetation  and  stimulating  various  recovery  growths  was  to  be  considered  in  this 
way.  Also  a  model  of  the  whole  country’s  response  to  war  disruption  was  to  be 
considered  with  an  order-disorder-sinulation  in  which  the  role  of  herbicide 
could  be  isolated.  Sections  6,  7,  and  8  concern  these  objectives. 


4,  Measurements  were  made  by  project  personnel  to  get  some  numbers  needed 
for  models,  to  utilize  comparative  situations  in  Florida,  and  on  one  trip  to 
Vung  ’au  in  Viet  Na.  .  Measurements  were  made  of  a  herbicide  treated  mangrove 
experiment  on  Marco  Island  arranged  by  Howard  Teas  and  these  results  ate  given 
in  Section  9.  Other  data  are  included  here  in  Table  1  -  3  on  seedlings  and 
forest  floor  characteristics.  Phosphorus  data  in  waters  are  given  in  Section  9. 

5.  A  brief  summary  of  the  perspectives  developea  by  the  models,  simulations, 
and  model-based  comparative  calculations  was  prepared  and  worked  over  by 
subcommittees  and  then  the  general  committee  with  the  result  given  in  Section 

10.  This  was  intended  for  the  Part  A  to  go  to  Congress.  Unfortunately  this  was 
deleted  by  a  second  review  committee  who  had  never  seen  tne  detailed  Part  B. 


Table  1 

New  Seedlings  at  Vung  Tau  in  Cleared  Plot;  Transect  100m  x  2m 

W.  Drew,  1972 


Number 

Transect  Species  of  Seedlings 

1  Avlcennia  sp. 

Jleriops  sp .  _ _ 

Rhizophora  sp. 

0  hers  . 

/  vicennia  sp .  0 

Leri ops  sp.  408 

Rhizophora  sp.  56 

Others - - 58 


Avlcennia  sp. 

6 

Ceriops  sp. 

121 

Rhizophora  sp. 

63 

Others 

1 

Avlcennia  sp. 

35 

Ceriops  sp. 

77 

Rhizophora  sp. 

98 

2 


12 

Mi 

23 

29 
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2 

Counts  of  0.5  m  Quadrats  in  Vung  Tau  Spray  Sites,  March  1972 
(H.  T.  Odum,  M.  Newton,  Nepture,  Goss,  A.  Lang,  £.  others) 


Raw  Data  No.  of  Yello.  & 
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Snails  seen 
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Upper  6"  of 
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Crab 
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Black 
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Pncu-n.it- 
oplio  res 
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TABTE  3 


Data  on  Seedlings  Sampled  from  Rookery  Bay  on  July  13,  1972 


Seedling  Lengths,  centimeters 

Dry  weight  of  Seedlings,  gram.- 

.  _  _  27.6  _  - 

9.1 

#2 

31.7 

12.6 

if  3 

24.4 

7.0 

if  4 

21.3 

4.8 

#5 

25.6 

7.7 

4b 

26.1 

11.6 

Seedling  Counts  of  Rhizophora  Mangle  Along  the  Perimeter  of  Rookery  Bay 


Mangrovt-fiodelling  Conference  in  Gainesville,  June  i972 
and  Acknowledgements  of  Collaboration 

The  mangrove  modelling  workshop  conference  was  held  June  19-21 
in  Gainesville  with  travel  funds  (no  honoraria)  from  the  contract. 

Several  of  the  participants  were  paid  by  their  home  organizations. 
Invitations  went  to  those  who  were  doing  mangrove  modelling  or  who  were 
doing  experiments  or  making  measurements  of  key  parameters  needed  in 
modelling  such  as  reproduction,  seedling  germination,  herbicide  action, 
etc.  We  tried  to  draw  representatives  from  each  on-going  mangrove  research 
activity  we  knew  about. 

Each  person  attending  took  a  half  hour  to  input  various  data,  results, 
ideas,  questions  bearing  on  the  problems  of  herbicide  and  mangrove  with 
the  others  participating  in  vigorous,  probing  discussion.  In  some  ways 
this  was  like  the  main  committee  discussions  except  that  in  this  group 
focus  was  on  mangroves  by  people  who  were  mangrove  specialists. 

Unfortunately,  the  marvelous  reworkir'3  of  ideas  and  concepts  did  not 
adequately  feed  back  into  the  main  committee  as  well  as  hoped  because  at 
the  last  moment  Ors.  Lang  and  Ross  had  to  cancel.  However,  Teas  and 
associates  were  there  and  Golley  sent  a  representative.  William  Odum 
had  been  in  on  the  original  Meselson  AAAS  deliberations  and  was  most 
helpful  in  integrating  the  mangrove-nutritions  concepts.  Gerald  Walsh 
had  potted  mangro.es  under  herbicide  treatment  in  Pensacola  (Gulf  Ereeze) 
and  had  special  knowledge  of  mangrove  plaaf.  physiology  to  draw  from.  Later 
he  sent  an  extensive  mangrove  bibliography,  which  he  forwarded  to  the 
committee  office.  Giiberto  Cintron  of  the  Puerto  Rico  state  conservation 
organization  brought  much  knowledge  of  mangrove  responses  to  disturbance 
and  report  of  some  spraying  in  Puerto  Rico,  One  of  the  most  active  man¬ 
grove  research  projects  is  that  of  the  Puerto  Rico  Nuclear  Center  in 


1! 


relation  to  proposed  nuclear  plants  and  this  work  was  discussed  by 
Seppo  Kolehminen  (see  below) .  Howard  Teas  and  Joan  Browder  (later 
joining  our  contract  work)  from  the  Miami  group  discussed  their  seedling 
work  and  took  the  lead  among  the  conference  group  in  organizing  a  proposal 
to  the  sain  committee  for  a  Florida  test  experiment  to  verify  sensitivities 
and  generate  a  focus  for  this  group  to  augment  the  work  of  the  main 
committee. 

The  conference  in  effect  organized  itself  in<.o  a  branch  activity  with 
a  plan  to  the  committee  that  would  allow  them  to  enlist  some  of  their  own 
organization's  support  in  a  common  Interest  activity.  Unfortunately, 
we  failed  to  get  enough  enthusiasm  from  the  main  committee  to  do  this  as 
planned  although  after  some  delay  in  initial  spraying  was  authorized, 
with  Dr.  Teas  (rather  than  the  conference  group)  providing  most  of  the 
cost.  In  Section  9  are  results  of  our  measurements  on  the  Marco  Island 
plot  which  along  with  the  main  effort  of  Teas  help  established  the 
sensitivity  of  American  mangroves  to  "Agent  Orange". 

Linda  Leflcr  contributed  a  review  of  mangrove  physiology  which 
she  had  done  for  Dr.  Golley.  Phil  Miller  flew  in  from  Alaska  and  the 
discussions  oriented  him  to  the  needs  so  that,  he  could  organize  his  work 
as  our  subcontractor  for  simulation  work  in  San  Diego  done  by  James 
Ehrleringer.  In  this  work  Miller's  work  «.n  simulating  Florida  mangroves 


on  a  Power  Corporation  project  made  his  team  ready  fr  consider  the 
microclimate  limitations  in  sophistication  on  relatively  small  funds. 

W.  Zieman  attended  with  W.  Odum  and  has  since  on  his  own  done  mangrove 
modelling  receiving  intellectual  stimulus  from  the  conference.  It  may  be 
desirable  for  the  committee  to  invite  him  tc  contribute  whatever  results 
and  insights  may  have  come  from  this.  E.  Kuenzler  of  NSF  and  E.  Heeld 
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could  not  come  and  several  others  of  Miami  Marina  laboratory  were  not 
invited  because  we  did  not  know  they  were  involved.  Armando  de  la  Cruz 
at  Mississippi  State  had  worked  in  Philippines  and  gave  us  input  later. 

J.  Lincer  waa  in  Florida  (Cape  Haze)  but  we  didn’t  know  it  then. 

One. of  the  most  pertinent  projects  was  the  Fakahatchee  slough . 

project  of  S.  Snedeker  and  A.  Lugo  of  University  of  Florida  on  structure 
and  function  of  mangroves  in  South  Florida  under  support  of  Dept .  of 
Interior.  Progress  report  on  this  (written  and  oral)  was  made  available 
giving  critical  numbers  on  biomass  and  seedlings.  Later  M.  Sell  did  a 
special  simulation  on  hurricane  effects  on  mangroves  with  Lugo  and  Snedeker 
and  this  is  appended  as  an  appendix  since  it  was  partly  an  outcome  of  the 
conference  communication.  The  surge  of  destruction  by  hurricanes  is 
somewhat  like  that  of  herbicide,  with  great  thickets  of  dead  wood  remaining 
and  much  kill  that  ia  not  yet  explained  (broken  stems?  sedimented 
pheumatopbores?  stripped  leaves?).  The  difference  is  that  there  was  a 
scattering  of  Seed  trees  and  there  were  no  peasant  wood  cutters  in  south 
Florida  and  the  wood  has  been  standing  for  10  years  gradually  decomposing 
as  new  growth  comes  from  surviving  trees.  Dr.  S.  Goodrich  of  the  Central 
and  South  Florida  Flood  Control  District,  West  Palm  Beach  reported  on  his 
seedling  restoration  experiments  on  spoil  islands  in  south  Florida.  One 
of  his  main  points  was  that  seedlings  need  to  be  planted  in  water  depths 
and  wave  energy  situations  that  are  the  normally  suitable  ones  rather 
than  general  broadcasting  of  seedlings.  Both  Teas  and  Goodrich  found  low 
mortality  rates  with  aerial  broadcasting  of  seedlings.  Seedlings  need  not 
be  weighted,  for  they  will  turn  their  new  rocta  earthward  in  growth  and  do 
not  have  to  be  stuck  into  the  mud.  The  consumption  of  roots  of  red  man¬ 
groves  in  South  Florida  was  described.  Some  regard  it  as  possibly  an 
adaptive  regulator  of  horizontal  extent  of  mangroves.  Questions  were 
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raised  about  nitrogen  fixation  in  mangrove  muds  and  Teas  proposed  work 
by  them  on  this.  Both  Teas  and  Coodrich  felt  that  the  topography  (or 
immediate  environment)  of  the  place  the  seedlings  landed  was  the  most 
important  factor  in  seedling  survival.  Mangrove  could  grow  where  tnere 
was  an  accrueing  shore  line  (low  energy),  and  available  moisture  (elevation). 
Contributing  to  the  discussions  and  plans  were  many  staff  and  students 
of  the  Environmental  Engineering  at  the  University  of  Florida. 

J.  Ewel  aided  the  work  in  many  ways  especially  in  his  plans  and  discussions  . — 

at  the  first  meeting  of  the  herbicide  committee  it  tie  pro¬ 

posed  Che  use  of  the  Holderidge  approach  to  the  uplands — later  the  subject 
of  Bethel's  proposal.  Frank  Norrflie  participated  from  Zoology.  Joan  Browder 
supplied  an  8-page  review:  "The  Role  of  Birds  in  Mangroves"  with  10 
references  ana  special  reference  to  Cattle  Fyrets  and  this  was  forwarded 
to  F.  Colley  for  the  animal  write-up.  Knipling  attended  from  the  Department 
of  Agriculture  providing  maps  and  liaison  with  the  work  by  Weather spoon . 

In  the  year  that  followed  the  conference,  varied  mangrove  studies  continued 
among  those  who  attended  the  conference.  Gerald  Walsh  published  a  note  on 
herbicide  studies  on  seedling3.  Stimulated  by  the  conference,  J.  Zieman  and 
W.  E.  Odum  (University  of  Virginia)  have  separately  and  on  other  fund3  developed 
some  mangrove  models  to  be  reported  at  forthcoming  scientific  meetings.  In  the 
year  that  followed  the  conference,  under  Department  of  Interior  funds  related .. 
to  the  Fakahatchee  strand  in  south  Florida,  S.  Snedaker,  A.  Lugo,  L.  Burns  and 
others  mads'  extensive  measurements  and  some  further  modelling  of  the  Florida 
mangrove  swamps. 

Following  one  of  the  herbicide  conference  meetings,  H.  T.  Oduu  end  P. 

Zinke  of  University  of  California  visited  the  Marco  Island  herbicide  site, 
collecting  samples  that  were  analysed  along  with  Viet  Nam  samples  by  Zinke. 
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Included  were  some  samples  from  the  Snedaker-Lugo  project  sent  to  him  at  that 
time.  In  July  of  1973  another  Mangrove  conference  was  held  under  auspices  of 
the  Conservation  Foundation  with  Department  of  Interior  funds  at  St.  Petersburg 
coordinated  by  S.  Snedaker.  This  conference  was  not  definately  related  to  the 
herbicide  work  but  parts  of  those  at  the  other  conference  continued  their 
research  communication  concerned  with  mangrove  health  and  reforestation. 

The  following  note  was  received  from  Puerto  Rico  participants: 


ENVIRONMENTAL  CHANGES  AND  kESKEDiNG  OF  A 
KILLED  MANGROVE  AREA  IN  PUERTO  RICO* 

by  G.  Cintron**  and  S.  Kolehmainen 


In  Puerto  Rico  there  is  a  mangrove  area,  a  few  acred  in  size,  that 
was  killed  by  human  activities,  probably  with  a  herbicide.  This  area 
ia  on  the  north  coast  of  the  island  in  the  estuary  of  Rio  Grande  River. 
The  mangroves  have  been  dead  over  a  year,  and  consequently,  similar 
factors  as  in  the  Rung  Sat  area  in  Viet  Nam  have  been  affecting  the 
sediments  for  an  extended  period.  Therefore,  it  is  felt  that  this  area 
:.n  Puerto  Rico  can  be  used  to  study  the  possible  changes  in  the  environ¬ 
mental  conditions  of  water  and  sediments  that  could  have  happened  in 

'  !, 
Ijjng  Sat.  A  healthy  mangrove  area  may  be  used  as  a  control  area.  I 

(  The  herbicide  sprayed  areas  of  mangroves  have  been  barret,  for  two 

to  seven  years.  During  this  time  the  soil  and  the  sediments  have  been - 

exposed  to  sunlight,  tides  and  rainfall.  This  means  that  the  oxidation 
rata  of  organic  matter  must  have  increased  due  to  the  higher  temperature, 
lessened  input  of  organic  matter  and  increased  flushing  rates  of  tidal 
and  runoff  water.  When  the  foliage  of  mangroves  were  destroyed,  the 
increase  in  the  light  intensity  increased  greatly.  This,  in  turn, 
probably  increased  the  production  of  benthic  algae. 


ORDER-DISORDER,  MANGROVES,  HERBICIDE,  AND  WAR 
Ecological  Modelling  for  Evaluating  Disruption  and  Recovery 

Large  scale  systems  of  man  and  nature  such  as  forests,  mangrove  districts, 

agricultural  country  sides  and  urban  areas  have  regular  and  normal  process  of - 

construction,  replacement,  and  reconstruction  that  fend  to  maintain  ecosystems, 
human  settlements,  trees,  soils,  leafy  matter,  houses,  streets,  ri’erbeds, 
wildlife,  social  organization,  etc.  Working  against  these  constructive  processes 
are  the  natural  tendencies  for  all  structures  and  information  to  deteriorate 
with  time  as  required  by  the  second  law  of  thermodynamics.  In  addition  there  are 
frictx^oai  >u.u  accidental  losses  that  occur  as  part  of  constructive  efforts  and 
that  form  special  disruptive  processes  such  as  earthquakes,  hurricane,  and  war. 

The  action  of  herbicide  is  a  special  disordering  action. 

To  gain  perspective  on  the  importance  of  a  disruptive  process,  one  may 
estimate  the  magnitudes  of  direct  and  indirect  energy  involved  to  find  what 
percentage  its  effects  have  been  of  the  total  energy  budget  of  the  whole  system. 

One  may  compare  herbicide  action  in  energy  measures  with  that  of  the  whole- . 

system  but  with  the  aid  of  a  model  to  consider  main  actions,  interdependencies, 
feedbacks,  self  regulatory  actions,  time:.  vS  action,  and  time  of  recovery  of 
the  system  to  former  stati.  Systems  methods  relate  parts  to  wholes  and  thus  are 
helpful  for  impact  studies.  Here,  we  use  four  systems  methods  to  £ain  perspective 
on  the  relative  action  of  herbicide  in  relation  to  the  war  disruotion  as  a  whole 
and  the  role  herbicide  played  in  the  general  process  of  South  Viet  Nam  as  a  whole, 
1955  and  after.  The  four  methods  used  were  the  following: 

1.  Systems  were  diagrammed  to  show  interactions  believed  important. 

2.  Energy  flows  were  estimated  for  comparison  in  diagrams  and  tables  to 
evaluate  importance  of  the  pathways. 
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3.  Computer  models  were  simulated  to  show  consequences  in  time  that 
disruptions  produced  in  models.  The  simulations  were  used  to  test 
whether  concepts  for  the  manner  of  action  of  disruptions  such  as 
herbicide  produce  the  patterns  observed  in  the  real  situation. 

4.  Models  were  tested  to  generate  forecasts,  determine  what  future  actions 
might  be  considered,  and  test  tV.e  consequences  of  proposed  measures. 

Models  and  simulations  were  made  on  two  scales  of  size  as  follows: 

1.  The  Rung  Sat  mangrove  district,  the  largest  mangrove  area  defoliated, 
was  Studied  with  emphasis  on  biomass,  productivity,  land  coverage,  and 
reproduction  of  the  mangroves.  The  models  included  disruption  and 
recovery,  factors  of  herbicide,  seeding,  cutting,  nutrient,  and  mud 
temperature. 

2.  An  overall  view  of  Viet  Nam  was  modelled  to  determine  the  effect  of  — 
herbicide  on  the  maintenance  of  organized  structure.  Evaluations  and 
simulations  included  disruption  by  war  and  herbicide,  the  recovery 
feedback  stimulation  from  the  disruption,  the  energies  and  monies  of 
order  and  disorder  from  nature,  from  communist  sources,  and  from  the 
U.S. 


Steady  States  and  the  Balance  of  Ordering  and  Disordering 

Any  system  that  sustains  continuous  life  in  the  long  run  must  develop  a 
balance  of  its  ordering  and  disordering  processes.  Wo  visualize  these  as 
circular  relationships  as  in  Fig.  4  Such  circular  systems  tend  to  return  to 
a  balance  after  disruption.  A  system  in  such  a  balanced  state  is  said  to  be 
in  steady  state.  Surviving  systems  develop  an  ability  to  repair  and  accelerate 
restoration  and  recovery  when  disrupted  by  recycling  materials  and  energy  from 
its  storages  combining  these  with  new  potential  energies  to  stimulate  reconstruction 
bf  the  diarupted  zone .  We  are  all  familiar  with  these  processes  in  a  forest 
where  new  trees  accelerate  growth  to  fill  a  spot  where  a  tree  fell.  Fertilizer 
nutrients  from  fallen  and  disrupted  trees  are  released  and  recycled  by  the  animals, 
micro-organisms,  and  root  actions,  stimulating  regrowth.  Pathways  of  supply  of 
energy  resource  of  sun,  rain,  and  geologiccl  substrate  are  free  to  be  harnessed 
again. 


Similar  processes  stimulate  recovery  on  the  larger  scale  of  whole  countries. 

Parts  and  fragments  of  the  disordered  state  stimulate  regrowth  provided  there  is 

I 

available  abundant  energy  sources  or  sources  of  money  to  purchase  che  energy  resources 
—For  example,  disrupted  land .  displaced  people,  disordered  materials  ar.  1  released  ~ 
nutrients  tend  to  stimulate  reconstruction  activitv. 

Summarizing  the  concept  of  self-maintaining  systems  we  find  there  is  a 
symbiotic  balance  between  ordering  and  disordering  process  in  the  normal  system 
with  cycles  of  disordered  materials  back  to  reuse  in  new  construction.  When 
there  is  a  surge  of  disruptio'.,  there  is  a  surge  of  stimulation  by  land,  people,  . 
and  materials  in  symbiotic  action  that  accelerates  the  reconstruction  somewhat 
later  (if  there  is  an  energy  source).  Any  ultimate  judgment  of  the  effect  of  a 
process  must  consider  the  short  term,  and  long  term  effects. 

Some  actions  of  war  are  short  pulses  that  have  immediate  surges  to 
disorder  followed  by  reaurges  to  the  reordering  process.  Where  actions  of  war 
or  other  disturbances  are  chronic  and  continuous,  the  effect  of  the  disruption 
being  more  continuous  causes  a  more  ’tontinuous  drain  from  the  resources  so 
that  a  new  steady  state  balance  is  achieved,  one  with  more  disorder  on  the 
average.  We  can  call  this  a  stressed  steady  state.  In  some  ways  the  portracted 
period  of  wars  in  Viet  Nam  has  been  a  stressed  steady  state,  although  there  have 
been  surges  within  it  with  intensive  periods  of  herbicide  actions,  bombs, 
military  actions,  etc. 

Given  in  the  systems  diagram  in  Fig.  4a  is  the  simple  idea  of  the 
constructive  actions  contributing  to  structure  of  man  and  nature  over  the 
countryside,  balancing  the  destructive  actions  of  nature  and  man.  Notice  the 
pathway  by  which  increases  in  disordered  areas  and  components  stimulate  the 
regrowth.  Herbicide  is  one  of  the  special  disruptive  stresses  (Fig.  4b). 

The  systems  diagrams  of  pathways  of  action  and  storage  are  also  pictorial 
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ways  of  representing  mathematical  equations  that  are  another  way  of  Indicating 
an  ecological  model.  For  example,  the  equations  that  go  with  Fig.  Vb  are 
shown  in  Fig.  4'c  to  help  the  readers  understand  the  connection  between  the  - 
diagrams  and  mathematical  statements.  Each  mathematical  term  refers  to  one 
pathway  and  the  several  equations  together  summarize  the  systems  diagram.  F >r 


each  pathway,  there  is  coeffient  (k)  which  indicates  how  much  flow  there  is 
in  that  pathway  per  unit  of  driving  action  coming  from  upstream  storage  unit  or 


units. 


Xn  computer  simulation,  the  mathematicail  equations  are  allowed  to  inter  ict 
together  and  continuously  so  that  the  various  inflows ,  interactions,  stresses, 

fill 

etc.  take  place  with  the  complexity  shown  in'  the  diagrams  and  as  a  result, 
graphs  are  plotted  that  snow  the  rise  and  fall  of  various  properties  of 
the  system  with  time  for  comparison  with  those  observed  ita  the  real  world 
or  as  a  prediction  of  possible  future  action. 

The  systems  diagrams  show  the  various  kinds  of  important  storages  (tank 
symbol.  Fig.  i)  of  a  system  (such  as  structure,  disordered  parts)  and  the 
pathway  lines  show  where  one  flows  into  another  or  where  one  interaction  acts 
on  another  in  a  stimulatory  control  action  (workgate,  Fig.  Id).  Many  control 
actions  at  workgates  are  amplifying,  multiplicative  (indicated  by  pointed 

jH 

block  with  multiplier  sign  X,  example,  Fig.  11).  The  ultimate  sources  of 

Y  " .  . 

actions  in  the  system  are  the  energy  sources  outside  such  as  the  sun's 
energy  or  the  source  of  support  to  armies  or  the  fuel  energies  brought 
in  by  tanker  (Circles,  Fig.  lc). 

The  diagrams  may  also  be  used  to  show  relative  magnitudes  of  actions  and 
storages  by  writing  in  the  numbers  for  storage  in  the  tanks  or  numbers  for 
flows  on  the  pathways.  (See,  for  example,  Section  3,  Fig.  3.  In  that  model 
data  are  used  to  evaluate  coefficients  of  the  mathematical  equations  and 


analog  and  digital  computer  simulations  are  given.  For  others, 


descriptive  energy  diagrams  to  show  perspectives  on  the  role  of  herbrcidi 
in  mangroves  and  in  the  war  and  Vietnam  as  a  whole,  More  details  on 
symbols  and  procedures , are  given  in  a  recent,  book  (Odum,  1971,  Environment . 

Power,  and  Society,  John  Wiley). 

Analog  Simulation  of  Order-Disorder  Model 

Given  in  Fig.  4^  is  the  result  of  a  simulation  of  the  order-disorder  morel 
which  verifies  the  general  stability  of  the  provision  for  the  symbiotic . balance 
and  recycle  between  order  and  disordering  tendencies.  In  the  first  graph  the 
levels  of  order  and  disorder  are  immediately  established,  these  being  somewhat 
different  from  the  initial  conditions  first  established.  Thus  Q,  rises  to  a 
level  as  Qt  disorder  falls  to  a  lower  level. 

In  the  second  simulation  a  disordering  stress  is  applied  that  pumps  order 
into  disorder,  a  relatively  easy  process  since  it  goes  in  the  direction  of  the 
normal  degradation  that  ultimately  accompanies  any  storage  of  order.  While  this 
disordering  stress  is  operating,  the  levels  of  order  and  disorder  shift  to  a  new 
leveling  that  is  equally  stable.  Turning  up  the  disordering  action  pulls  order 
down  so  that  it  is  in  short  supply  and  the  rate  of  disordering  is  diminished  for 
lack  of  further  structure  to  disorder.  Disorder  becomes  so  abundant  that  it 
stimulates  rapid  recycling  recovery  as  long  as  there  is  a  regular  unlimited 
j-nergy  source  to  be  tapped.  Diminishing  order  beyond  its  point  of  scarcity 
becomes  difficult.  With  removal  of  the  special  stress,  the  sy3tem  returns  to  it 
original  levels  of  order  and  disorder. 


Models  of  War  and  Stress 


Because  we  use  simplified  war  models  in  relating  herbicide  to  overall 
energy  budget,— we  give  here  some  background  on  war  models. 

.  We  have  not  made  an  exhaustive  review  of  political  modeling  or  those 
wit'-,  war,  but  those  earlier  effort?  many  help  set  our  Viet  Nam  simulations 
in  perspective. 

Through  the  aid  of  Gary  Murfin  we  located  a  simulation  of  the  Viet  Nam 
conflict  by  J.  S.  Milstein  and  W.  C.  Mitchell  (  1953  and  one  by  John 
Voevodsky  (1968  ) . 

Milsum  (1968  )  building  on  Richardson's  armament  model  (I960  )  has  the 
competition  between  nations  as  summarized  in  our  diagramming  of  their 
equations  .  Since  these  models  fail  to  put  in  an  enercv 

constraint  and  do  not  have  the  environmental  interaction,  they  may  not  be 
very  real  or  pertinent. 

Odum  (1571)  has  two  models  of  war  interaction  that  include  energies 
and  losses  with  distance  with  both  offensive  and  defensive  war  (Figures  5  and  6). 

Saaty  (1972)  proposed  a  model  which  M.  Sell  diagrammed  and  put  on 
analog  simulation  as  given  in  Figures  7  ang  g  .  It  has  the  feature 
of  each  controlling  the  other's  energy  input  and  one  pathway  of  inhibition. 

None  of  these  have  the  environmental  impact. 


25 


■3*8 


Energy  diagrams  representing  three  Stages  of  history  suggested  by 
Toynbee:  (a)  period  of  eacess  power,  (b)  period  of  constant  power,  (c) 
eroded  power.  Dashed  lines  indicate  pathways  which  are  lost 


Figure  6 


War  Models  (Odum  1971) 


Marginal  Superiority 


A  10%  Effective 
B  20%  “ 

C  30%  ,r 


Mllstain  and  Mitchell  tested  the  models  for  the  stimulation  of  one 
aides  warring  activity  by  the  other  with  such  parameters  as  troops  killed, 
indices  of  negotiation  initiatives,  indices  of  confidence,  etc.  and 
economic  support.  Good  fit  was  obtained  to  the  intensity  of  war  as  it 
varied  month  to  month  in  terms  of  the  interplay  of  military  decisions. 

The  model  did  not  have  an  energy  constraint  and  may  have  succeeded  at  its 

\ 

predictions  because  neither  side  was  really  energy  limited  except  through 
its  own  decisions  as  to  what  resources  to  cosmit,  based  on  decisions  ot — 
the  other  environmental  impact  was  not  involved. 

Christine  Paddock  working  in  our  group  last  year  (unpublished 
manuscript)  simulated  the  course  of  oscillating  war  and  peace  in  the 
primitive  tribe  based  on  4  criteria  of  decision  related  to  resources, 
especially  pig  crop.  The  simulation  was  quite  like  that  qualitatively 
documented  by  Rappaport (1971). 

Voevodsky  (1968)  has  a  model  for  war  as  dependent  on  some  exponential 
declining  storage  whose  time  constant  and  initial  conditions  of  resource 
ultimately  determine  the  end  of  the  war .  This  single  decay  tack  is  a 
little  like  the  pigs  for  the  ancestors  pig  accumulation  theory. 
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Stress  Amplifier  War  Interaction 
Maurice  Sell 


In  addition  to  the  models  of  war  and  stress  developed  by  Zucchetto  and 
Swallows  and  Brown  for  this  report  to  the  committee  studying  the  effects  of  herb¬ 
icide  on  South  Vietnam,  other  models  have  also  appeared  in  the  literature.  One 


such  model  was  discussed  briefly  by  Saaty(1972)  as  an  example  of  game  theory. 

Saaty  considers  three  variables  in  his  discussion:  the  United  States 
supply  of  vital  weapons,  ,  the  supply  of  weapons  for  North  Vietnam,  ,  and 
the  accumulated  marginal  superiority  of  either  of  the  two  warring  national  v. 

Each  nation  according  to  Saaty  has  a  choice  aa  to  th»  fraction  devoted  to 
depleting  the  reserves  of  the  enemy.  That  nation  able  to  accumulate  resources 
would  be  the  victor. 

In  Saaty'a  model,  the  accumulation  or  loss  of  U.S.  weapons  with  time  depends 
on  the  rate  at  which  weapons  are  obtained  from  outside  sources,  N^  and  the  rate 
of  depletion  by  North  Vietnamese  forces,  *n  e1uatlon  f°rm  this  becomes 

Q  *  1*1  -  (1) 

0ik2<  1 

where  k^  is  a  measure  of  North  Vietnam’s  effectiveness  against  the  United  States 
and  kjQ2  represents  the  weapons  used  by  NOrth  Vietnam  for  the  purpose  of  attrition. 
A  similar  equation  for  the  accumulation  or  loss  of  weapons  by  North  Vietnam  is 


k3k4Ql 


(2) 


0ik4i! 


One  of  the  two  nations  in  conflict  may  ultimately  be  more  successful  than 
the  other  and  will  accumulate  marginal  superiority  according  to  th?  equation 
V  -  (1  -  k2)Q2  -  (1 


VQ1 


where  1  -  and  1 


k.  are  the  fractions  of  North  Vietnamese  and  U 
4 


(3) 


S.  forces. 


attacking  each  other. 

Saaty  then  proceeds  to  determine  optimal  strategies  for  each  side  and 
concludes  that  as  the  war  ends  both  sides  are  spending  all  their  resources  attacking 
each  other  rather  than  trying  to  deplete  the  reserves  of  the  other  nation.  If  it 
is  assumed  that  the  North  Vietnamese  are  less  effective  than  the  U.S.  in  de¬ 
pleting  reserves,  then  Saaty  concludes  that  North  Vietnam  switches  to  full  atesek 
some  time  before  the  end  of  the  war  and  this  equals  the  reciprocal  of  the 
effectiveness  of  North  Vietnam.  In  other  words  the  less  effective  North  Vietnam 
is  with  attrition,  the  faster  they  switch  to  full  attack. 
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Since  Saaty  presented  no  data  or  curves  to  support  this  model,  a 


simplified  model  was  drawn  using  the  equations  developed  by  Saaty.  This  model 
is  shown  as  Figure  7.  In  this  simulation  that  follows  no  data  were  used  so  that 
the  results  are  entirely  qualitative.  Also,  the  model  does  not  Include  conditions 
for  switching  more  reserves  to  attack  or  attrition,  whichever  is  needed.  Intel- 

ligence  reports  would  also  have  an  effect  onthe  fraction  usedfor  attack  and - 

attrition  of  the  enemy. 

Figure  8  shows  the  accumulation  of  marginal  superiority  aa  it  varies  with 
time  for  the  following  conditions: 

1.  North  Vietnam  is  at  80%  full  strength  and  50%  of  this  goes  to 
attrition  of  U.S.  resources  with  50%  effectiveness. 

2.  Thi  United  States  is  at  50%  full  strength  and  50%  of  this  goes 
to  attrition  of  North  Vietnam's  resources  with  varying  rates  of 
effectiveness.  Supply  rates  are  the  same  for  each  nation. 

In  Curve  A  the  North  Vietnamese  are  only  10%  effective  in  depleting  U.S.  resources 
and  develop  very  little  superiority.  Vithin  5  years  the  U.S.  begins  to  develop 
superiority  and  continues  to  increase  its  superiority.  At  25%  effectiveness  the 
U.S.  begins  to  become  superior  after  «be«t  9  years  and  at  30%  effectiveness  it 
takes  about  16  years.  A  curve  not  shown  Indicates  that  if  the  North  Vietnamese 
are  50%  effective,  they  maintain  superiority.  As  one  side  begins  to  lose  the  war, 
it  seems  that  the  rate  of  supply  of  resources  would  be  increased.  This  was  not 
considered  here  and  is  Indeed  a  shortcoming  of  the  model.  However,  this  paper  was 
not  intended  to  fully  detail  the  Vietnam  war  but  only  to  indicate  trends.  As 
mentioned  previously,  a  vital  element  missing  is  the  adjustment  one  or  both 
conflicting  nations  would  make  to  keep  the  other  from  becoming  superior 
militarily. 
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Probably  the  most  important,  economically,  of  all  the  mangrove  species 
found  in  the  Rung  Sat  are  those  belonging  to  the  genus  Rhlzophora.  The  species, 
Rhizophora  aucronata ,  is  very  prevalent  in  the  Rung  Sat  and  has  economic  value 
as  charcoal  (Van  Cuong,  1964).  Since  this  species  comprises  about  75Z  of  the 
mangroves,  the  data  compiled  for  the  simulations  relate  exclusively  to  Rhlzophora 
spp.  For  the  purpose  of  orientation  a  map  of  the  Rung  Sat  is  shown  in 
Figure  1. 

An  import. .at  concept  used  in  simulating  the  mangrove  community  of  the  Rung 
Sat  was  that  of  being  able  to  omit  many  of  the  detailed  occurrences  in  the 
mangroves.  For  example,  the  process  of  photosynthesis  produces  organic  matter 
used  by  the  mangroves  for  growth  and  metaboll r  processes.  The  actual  process  of 
photosynthesis  includes  many  steps  or  chemical  reactions  that  eventually  result 
in  the  production  of  organic  matter.  This  detail  was  not  needed  in  this  mcdel 
since  the  primary  concern  of  this  study  involved  events  on  a  larger  scale. 

This  technique  of  lumping  is  probably  valid  whenever  the  overall  result  of  some 
process  is  desired  rather  than  the  intricate  details. 

A  simplified  model  of  the  mangrove  forest  in  the  Rung  Sat  is  shown  in  Figure 

2  using  the  symbols  previously  described  in  Fig.  2,  Section  1.  This  model  has 
several  parameters  operating  on  the  mangrove  forest  as  outside  forcing  functions 
(circular  symbols) ,  The  state  variables  (tank-shaped  symbol^  are  those  variables 
whose  levels  were  thought  to  be  important  in  this  model.  Each  line  represents 
a  pathway  that  connects  state  variables  with  each  other  or  with  one  or  more  of 
the  outside  forcing  functions. 


The  sun  is  shown  as  a  forcing  function  that  interacts  with  the  amount  of 
land  covered  by  the  mangrove  trees.  In  this  model  the  amount  of  solar  energy 
available  to  the  mangroves  is  taken  as  502  of  the  incoming  solar  energy.  The 
flow  from  the  sun-land  interaction  is  going  to  be  called  gross  photosynthesis. 

In  reality  the  value  of  this  pathway  probably  lies  somewhere  between  the  upper 
value  of  gross  photosynthesis  and  the  lower  value  of  net  photosynthesis.  Since 
net  photosynthesis  carries  a  different  meaning  for  each  individual,  let  it 
suffice  to  say  that  the  pathway  ie  Aightly  less  than  gross  photosynthesis. 

This  pathway  of  organic  matter  flows  into  mangrove  biomass  and  increases  as 
more  land  is  covered  by  mangroves.  The  organic  matter  produced  through  the 
sun-land  interaction  is  used  by  the  mangroves  for  growth  and  metabolic  activities. 
Woodcutters  are  very  important  in  their  influence  on  the  mangrove  forest.  They 
are  shown  cutting  wood  at  a  rate  proportional  to  the  level  of  mangrove  biomass. 

The  production  of  seedlings  is  shown  as  a  seasonal  occurrance.  In  May  of  each 
year  the  mature  mangrove  trees  begin  to  use  some  of  the  organic  matter  to  grow 
seedlings  which  continue  to  grow^until  about  October  when  seedlings  begin  to 
fall  from  the  trees.  The  fall  of  seedlings  was  assumed  to  occur  during  a  period 
of  sixty  days  (Cill  and  Tomlinson,  1971).  The  number  of  seedlings  hanging  from 
mangrove  trees  was  included  as  a  state  variable.  When  these  seedlings  drop  from 
the  trees,  many  of  them  remain  beneath  the  parent  tree,  but  actual  numbers  were 
not  available.  This  should  depend  on  the  effectiveness  of  tidal  flushing.  Some 
of  the  seedlings  are  carried  by  tidal  or  river  currents  to  other  area.  These 

seedlings  are  shown  as  a  state  variable  labelled  seedlings  in  the  water.  Some - 

of  these  seedlings  may  eventually  coloniz"  an  area  devoid  of  mangroves.  This 
colonization  is  shown  as  an  interaction  between  seedlings  in  the  water  and  bare 
land  to  give  land  ♦•hat  is  covered  by  mangroves.  In  the  Republic  of  Vietnam 
extensive  spraying  with  herbicide  has  brought  about  vast  acreages  of  bare  land. 
Sp-aying  with  herbicide  ia  shown  as  an  outside  stress  draining  land  covered  by 
mangroves  to  eventually  cause  bare  land  resulting  from  death  of  the  mangroves 
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through  spraying  and  removal  of  the  trees  by  the  woodcutters.  A  pathway  has 
also  been  Included  that  represents  the  planting  of  mangroves  by  man  if  this 
Is  a  desired  course  for  Vietnam  to  follow. 

Figure  3  shows  the  values  used  for  the  state  variables  and  pathways 
In  the  model.  These  numbers  represent  the  total  size  of  the  variables  or  flows 

.  in  the-  Rung  Sat.  "  The  numbers  for  the  simulations  were  obtained  primarily  from 

mangrove  research  studies  in  Puerto  Rico  or  Florida.  Solar  radiation  data  and 
land  and  water  areas  were  obtained  for  the  Rung  Sat. 


Data  Used  in  Model  Calibration 

Solar  Radiation 

Data  for  solar  radiation  at  Saigon  for  the  period  January  1964  through 
October  1967  were  used  to  derive  a  curve  that  approximates  the  data.  The  data 
were  supplied  by  the  United  States  Department  of  Commerce,  Weather  Bureau. 

Values  are  given  in  Table  1  in  units  of  kcal  m“2  day-*  on  a  monthly  averaged 
basis.  These  values  are  also  plotted  in  Figure  4  where  it  can  be  seen  that 
the  curve  is  approximately  sinusoidal.  For  the  simulation  a  sine  wave  was  used. 

Level  of  Mangrove  Biomass 

Biomass  values  were  unavailable  for  the  mangrove  forests  in  South  Vietnam 
so  a  value  was  chosen  from  the  literature  for  mangrove  forests  of  similar  stature 

The  biomasa  of  mangroves  in  Puerto  Rico  was  measured  by  Golley  et  al  41962)  as - 

5000  grams  per  square  meter  (1000  grams  per  square  meter  is  equivalent  to  4.5 
tons  per  acre)  in  leaves  and  wood.  This  was  used  as  the  initial  condition  value 
for  mangrove  biomass  in  the  Rung  Sat  model.  Rates  of  gross  photosynthesis  and 
respiration  were  also  from  the  Puerto  Rico  study.  Cutting  rate  was  estimated 
as  3X  of  the  mangrove  trees  per  ypar. 


TABLE 


1 


Monthly  Solar  Radiation  Data  for  Saigon  From  January  1964 
1967  (Units  of  kcal  m"2  day”l) 


Month 

Solar  Radiation  (kcal  m~ 

January 

3500 

February 

4220 

March 

4560 

April 

4380 

May 

3680 

June 

3910 

July 

3860 

August 

3690 

September 

3560 

October 

3350 

November 

3160 

December 

3160 

to  October 

day"1) 
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Seedlings  in  the  trees  - - -  •  - V  - 

In  an  experiment  in  Florida  Rhiiophora  mangle  seedlings  were  found  to  weigh 
12.6  grans  (dry  weight)  for  a  seedling  of  length  31.7  centimeters.  If  the 
assumption  is  made  that  this  seedling  is  six  months  old,  then  the  yearly  growth 
rata  ia  12.6  grams  par  seedling.  A  density  of  about  26  seedlings  per  square 
netar  was  counted  in  the  trees  in  July  1972.  Therefore,  growth  of  seedlings 
ia  at  laaat  327  grans  per  square  meter  per  year.  For  this  simulation  a  value 
of  660  grams  per  square  meter  per  year  was  chosen. 

Seedlings  in  the  water 

The  number  of  seedlings  falling  from  the  trees  into  the  water  to  be  carried 
away  by  the  tidal  currents  was  calculated  by  estimating  the  amount  of  tree  over¬ 
hang  above  the  water  and  determining  the  total  length  of .waterways  in  Vietnam. 

The  overhang  wma  about  three  meters  in  Florida  and  the  Rung  Sat  has  about  500 
km  of  waterways  in  the  unsprayed  area.  The  sprayed  area  also  has  another  500 
ka  of  waterways.  Before  spraying  the  number  of  seedlings  that  could  be  in 
water  would  therefore  be  about  1  X  10®  seedlings.  Seedling  movement  was  calcu¬ 
lated  on  the  baala  of  a  period  of  sixty  days  during  which  the  seedlings  fall 
from  the  trees  into  the  water. 

Bare  land  and  lend  covered  with  live  mangroves  '  ' 

The  total  area  of  the  Rung  Set  was  already  given  previously  as  750  km2. 

If  tha  woodcutters  are  assumed  to  have  some  influence  on  the  amount  of  bare 
land,  than  tha  initial  conditions  should  consider  this.  Therefore,  bare  land 
initially  will  occupy  50  km2  of  tha  Rung  S.it  end  seeded  land  the  remaining  700  km2. 

Tha  above  sections  era  a  brief  insight  into  what  procedures  were  followed 
to  obtain  data  for  this  simulation.  As  one  can  plainly  see,  much  of  the  data 
has  been  only  roughly  approximated.  Hopefully,  more  reliable  field  data  will 
be  obtained  for  the  mangroves  in  the  Rung  Set  some  time  in  the  future.  Initial 


numerical  valuaa  for  the  state  variables  and  process  variables  are  given  In 
Figure  3  and  Table  2. 

In  addition  to  describing  the  methods  of  getting  cne  data,  crus  mer'uods 
section  will  also  deal  with  the  procedures  that  need  to  be  followed  for  a 
computer  simulation.-  The  method  used  for  this  simulation  involved  describing 
each  pathway  by  an  equation  that  was  a  linear  or  nonlinear  function  of  the 
variables  and  outside  forcing  functions  discussed  in  an  earlier  part  of  this 
paper.  When  these  functional  relationships  have  been  defined,  the  rate  coef¬ 
ficients  can  be  determined  for  the  pathways.  Equations  are  also  vrLtten  showing 
the  time  rate  of  change  of  a  given  atata  variable  based  on  the  inflows  and 
outflows  for  that  state  variable.  Alao,  for  this  simulation  an  analog  computer 
was  used  end  thle  meant  that  each  time  rate  or:  change  equation  htd  to  be  scaled. 
Theee  procedures  will  now  be  discussed. 


Pathway  equations 


figure  5  is  another  diagram  of  the  model  and  is  Identical  to  figure  IXI-3 


except  that  each  pathway  has  been  described  by  an  equation,  for  exajaple,  the 
rate  of  gross  photosynthesis  is  given  as  being  equal  to  eooe  rate  coefficient. 


k^, times  the  lend  area  covered  with  live  mangroves,  times  available  sunlight, 

|l' 

Q3.  Tn  other  words  gross  photosyntheaia  equala  kjt^Qy  Similarlyi  one  can 

f  I1' 

determine  the  equations  for  the  rest  of  the  pathways. 


Calculation  of  rate  coefficients  ~~~  ;  ~  ■  . 

Now  that  the  pathway  equations  are  known,  one  can  begin  to  calculate  the 
rate  coefficients  or  k’a.  To  determine  the  value  for  a  rate  coefficient  set 
the  equation  for  a  given  pathway  equal  to  the  numerical  value  of  the  rate  of  flow  for 
that  pathway.  Substitute  for  all  the  known  values  end  solve  for  k,  the  rate 
coefficient.  As  an  example,  let's  use  the  mangrove  respiration  pathway, 


TABLE 


ITEM  OF  INTEREST _ _  DESCRIPTION 


*  .  \ 


k6Q5  -  2.19  X  109  kg  year-1  [  —  (1) 

.  .  2a9_X_10£  „  0.585  year-1 

6  3.75  X  10*  y 

Calculations  fcr  Che  rate  coefficients  are  shown  in  Table  3|.  Values  for 

all  of  the  rate  coefficients  are  given  In  Table  4. 

ji|i' 

hr 

Differential  equation  writing 

For  each  state  variable  of  interest  s  differential  equation  can  be  written. 

All  this  says  is  that  the  time  rate  of  change  of  variable  is  equal  to  ell  the 
Input  rates  minus  ell  the  output  rates  for  the  state  variable  in  question.  Let's 
look  at  the  level  of  mangrove  biomass  as  an  example.  The  rate  of  change  of 
mangrove  biomass,  dQj/dt,  is  equal  to  the  incoming  rate  of  biomass  production, 
k3Q2JRj minus  the  amounts  lost  through  plant  respiration,  k^Q5,  through  woodcutting, 
cQj,  and  through  some  amount  needed  for  growth  of  seedlings,  k^tij.  In  equation 
form  this  becomes 


dt 


k3Q2JR  “  k6Q5  ~  cQ5  "  Ms  "  Q5 


The  differential  equations  for  all  the  state  variables  are  given! 


(2) 

in  Table  5. 


Scaling  equations  for  analog  computer  use 

Because  the  decision  was  made  to  run  the  simulation  on  an  analog  computer, 
it  was  necessary  to  scale  all  of  tha  differential  equations  desc 
variables.  Scaling  is  required  because  analog  computers  have  bu 

a  maximum  voltage  output  constraint.  Exceeding  this  value  may  yield  erroneous 

I 

results.  For  scaling,  each  state  variable  is  assigned  some  maximum  level  that 


ribing  the  state 

Lit  into  then 


TABLE 
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CALCULATION  OF  KATE  COEFFICIENTS  FOR  THE 
PATHWAYS  THAT  OCCUR  IN  THE  MANGROVE  MODEL  (  FICURE  III-3) 


Flow  #2  -  Incoming  Flux  of  Sunlight,  ^2^2JR 

V<2JR  "  *83  *  lol2fcal  ®”2  yr_1 

k  -  »83  x  1012 

2  .83  x  10^(700) 

k2  -  1.43  x  10*3  tan-2 

Flow  #3  -  Cross  photosynthesis  for  mangroves, 
k3Q2Q3  ■  4.38  x  10*  kg  yr_1 

k,  -  ii3S  »  19! 

“  .83  x  1012(700) 

kj  *  7.54  x  10“6  teal  * 

Flow  #4  -  Rate  at  which  woodcutters  are  cutting  wood,  cQ^ 
cQ5  -  .12  x  10*  kg  yr”1 

c  -  .12  *  109 

3.75  x  10^ 


c  •  3.06  x  10“2  yr*l 


Flow  #5  -  Respiration  of  mangroves,  kgQg 
k6Q5-  2.19  x  109  kg  yr"1 

k  -  2.19  x  109 
6  3.75  x  109 

kg  -  .585  yr-1 


Flow  #6  -  Rate  at  which  biomass  Is  translocated  to  seedlings,  k2Q^ 
k7Q5  -  .491  x  109  kg  yr-1 

v,  -  .491  x  109 

7  3.75  x  109 

-  1.311  x  lO”1  yr_1 
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Flow  #7  -  Rata  at  which  seedlings  are  produced,  kgQ5 


k8Q5 

*3 


-  1.94  x  1010 

-  1.94  x  lQl° 

3.75  x  10» 

■5.17  seedlings  kg”l  yr"l 


Flow  #8  -  Rate  at  which  seedlings  go  into  the  water  to  colonize  new  areas,  kgQ& 


3.94  x  10*  seedlings  yr“l 

3.94  x  109 

1.95  x  10-10 


kg  -  2.02  x  10"!  yr“l 


Flow  #9  -  Rate  at  which  seedlings  remain  beneath  the  parent  tree,  k^Q^ 

k1()06  ■  1.95  x  1010  seedlings  yr-1 

v  .  1.95  x  1010 
k10  1.95  x  1010 

ki0  -  1.0  yr-1 

Flow  #10  -  Rate  at  which  seedlings  are  available  to  actually  colonize  new  areas. 


kllQ6 


knQ6  -  42  x  106 

V  .  42  x  106 

11  1.95  x  10 

ku  -  2.15  x  10 


seedlings  yr” 
10 


1 


Flow  #11  -  Rate  of  loss  of  seedlings  that  are  in  the  water,  k12Q4 
k^Q^  -  2.1  x  107  seedlings  yr“^ 


*12 

k12 


„  2.1  x  107 
.2  x  io8~ 

-  1.05  yr-1 


Flow  #12  -  Rate  at  which  seedlings  colonize  new  areas, 

k13^1^4  ”  42  *  l^6  seedlings  yr“l 

k  -  42  x  106 

13  (50) (.2  x  108) 


Flow  #13  -  Rate  of  conversion  of  seeded  land  to  bare  land  ( maximum  value) , 

ki^QiH  *  365  Von7  yr~* 
k,.  ,  365 _ 

. . 15 _ <1.095  x  10^)  (700)  _ 


-  4.8  x  10“7  liters-1  yr-1 


s 

Flow  #14  -  Rate  of  conversion  of  bare  land  to  seeded  land, 

k16QlQ4  “  25*6  km2  yr"1  _  _ _  — 

klfi  -  25.6 _ 

(50) (.2  x  10^) 


kie  -  2.56  x  10“8  seedlings”1  jrr”1 


Flow  #15  -  Variable  Planting  Rate 


TABLE 


A 


Plow  Number  ^ 
1 
2 

3 

4 

5 

6 

7 

8 

9  . 

10 
11 
12 

13 

14 

15 


Values  Used  for  Rate  Coefficients  in 
Mangrove  Model  of  South  Vietnam 

Coefficient  Coefficient  Value 


kl3 


H 


N 


1.43 

x  10-3 

to"2 

7.54 

x  10~6 

kg  kcal”! 

3.06 

x  10“2 

yr-1 

5.85 

x 

yr~l 

1.311  x  10-: 

L  yrr-1 

5.17 

seedlings  kg-!  yr"1 

2.02 

x  10"1 

yr-1 

1.0  yr"1 

2.15 

x  10**3 

yr"1 

1.05 

yr"1 

4.2  x  10“2  Va-2  yr"1 

sine 

wave  pul6e 

4.8  x  10"7  : 

liters-! 

2.56 

x  10-8 

seedlings”!  yr~ 

variable  yr' 

-1 
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la  not  expected  to  ba  exceeded.  To  illuatrate,  the  Initial  value  for  mangrove 
biomasa  was  chosen  aa  4.2  x  106  tons  (3.75  x  109  kgs)  for  the  entire  Rung  Sat  and 
the  maximum  value  was  chosen  to  be  twice  that  amount.  Maximum  values  for  the 
state  variables  are  given  in  Table  2. 

The  following  steps  are  involved  in  the  scaling  process: 

(1)  Write  the  differential  equation  that  describes  the  time  rate  of  change 
of  a  state  variable.  As  an  example,  mangrove  biomass  will  be  used. 

iSi  -  W»  '  Vi  -  C°5  '  k’Q5 

Q  t 

(2)  Divide  and  multiply  each  variable  on  the  right  aide  of  the  equation 
by  its  maximum  value.  This  gives  the  following  result 

dQ3  -  kj(750)  Q2  3,26  x  1012  JR  -  k6(7.5  x  109) 

dt  750  3.26  x  1012 


-  c (7.5  x  109) 


x  10»  i 


(3)  "ivide  both  sides  of  the  equation  by  the  maximum  value  for  the  state 
variable  on  the  left  side  of  the  equation  to  give 

dVdt  -  k«  (3.26  x  105)  [S2!  iE  ,J  ~  k  _£5_  I 
7.5  x  109  3  ^750|  3.26  x  10-*j  6  7.5  x  109] 


"k7  * 


7.5  x  109| 


-  e  *5 


7.5  x  109 


Equation  (4)  is  the  scaled  equation  that  should  be  used  for  mangrove  biomass. 


All  that  needs  to  be  done  li  to  substitute  the  rets  coefficient  veluee  Into  the 
equation.  The  numerical  va!  uas  thet  eppeer  outside  tVi  breckete  would  be  the 
pot  settings  for  the  enelog  diagram.  All  of  the  seeled  equations  ere  given  in 
Teble  6. 

A  diagram  of  the  simulation  model  es  it  would  eppeer  in  the  language  of 
enelog  computer  symbols  is  ihown  in  Figure  6.  These  symbols  will  not  be 
explained  here  but  eny  book  on  snelog  computers  adequately  explains  the  meaning 
of  each  symbol.  Simulation t  were  run  on  an  Electronic  Associates,  Inc.  enelog 


computer,  the  EAX  680. 


54 


55 


TABLE  6 


Scaled  Equations  for  Mangrove  Model 


1)  Bare  land 


- 4-  ‘  0,528  4-  i’AvioJ  -  '  «t  ;  [iS_  1 

750  L  j  i.  '  j  755  j  2  x  io®| 

2)  Land  covered  by  mangroves 
750"  “  1  “75J- 


3)  Seedling*  in  the  water 


_24 _ 

2.x  10* 


-  0.824  1  Q6 


I  Q6  !  -  1.05  •  %  _  31  5  ^1  % 

17.65x1010}  mo8  '  750,  FITio8; 

L  J  l  1  •  ■  1 


4)  Mangrove  bionaes 


-?5-.  „  -  2.458  f  J, 

7.5  x  109  !_J 


I  JR  ]  Q,  ft  car  Q_ 

;  V  «  _  in12'  _£  “  0*585  x5  9.  _  0.1311 

^3.26  x  10  f  yj'  |  775“ x  10* 


;7.5  x  109! 


;  Q- 

,  -  0.0306  5 


7.5  x  109, 


5)  Seedlings  hanging  from  trees 


% 

7.65  x  1010  * 
6)  Available  Light 


0.507; 


7,5  x  10 


,*  -  1-0  |  °6 


I— 

[7.65  x 


1  ~  0.202  Q6 

1.  ,7.65  x  10l0; 


a  .  - - 

3.26  x  1012  !3*26  *  10 


.12  1.0721  Q2  1 
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RESULTS 


Several  situations  were  simulated  to  assess  the  impact  of  selected  pathways 
on  the  level  of  mangrove  biomass.  In  most  cases  a  family  of  curves  will  be  shown 
in  each  figure.  This  was  necessary  because  of  the  many  approximations  made  to 
obtain  data  for  the  simulations.  Another  reason  waa  the  unavs liability  of  data 
for  the  mangroves  in  the  Rung  Sat.  By  generating  a  family  of  curves  for  variables 
such  as  gross  photosynthesis,  woodcutting  and  herbicide  spraying,  the  actual 
patterns  followed  by  the  Rung  Sat  mangroves  may  be  Included. 

Steady-state  conditions 

What  would  the  levels  of  mangrove  biomass  be  if  no  spraying  occurred  and 
the  woodcutters  were  cutting  at  the  rite  of  3Z  of  the  trees  per  year?  Figure 

7  shows  the  levels  of  mangrove  biomass  for  several  rates  of  gross  photosynthesis 
These  rates  were  3.5,  7,  14,  and  19  grama  of  organic  matter  produced  per  square 
meter  per  day,  respectively.  To  convert  these  values  to  pounds  per  acre,  divide 
by  0.112.  From  an  initial  biomass  of  5000  gms  per  m?  steady  state  levels  were 
reached  in  8,  6,  lo  and  12  years  from  the  lowest  to  the  highest  rate  of  gross 
photosynthesis. 

Figures  8a  and  8b  shov  the  effect  of  woodcutting  on  mangrove  biomass. 

In  Figure  8a  the  rate  of  gross  photosynthesis  is  14  gms  per  v?  per  day.  If 
no  mangroves  are  cut,  the  mangroves  attain  a  biomass  level  of  7200  gms  per  m2. 

At  cutting  rates  of  3X,  30X,  60X,  and  3002!  of  the  trees,  the  steady  state  levels 
of  biomass  were  7000,  5000,  4000,  and  1500  gms  per  m^,  respectively. 

In  Figure  8b  the  rate  of  gross  photosynthesis  was  lowered  to  7  gms  per 
m*  per  day.  In  the  absence  of  c-tting,  the  mangroves  would  be  able  to  attain  a 
biomass  of  4000  gms  per  m*.  Cutting  rates  of  3X,  30X,  60X,  and  300X,  would  give 
mangrove  biomass  levels  of  3800,  3000,  2200,  and  900  gms  per  m^,  respectively, 
at  steady  state. 


A  Gross  Photosynthesis  =  3.5  gm  rrrz  day 
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Figure  8a 


TIME,  years 


Herbicide  Intensity 


In  Figure  9  five  intensities  of  herbicide  spraying  are  shown  occurring 
during  a  five  year  period.  This  is  roughly  the  number  of  years  widespread  spray¬ 
ing  occurred  in  the  Republic  of  Vietnam  (period  from  1965  to  1970).  The  greatest 
level  of  spraying  is  represented  by  curve  A  which  shows  a  maximum  level  of 
about  1.1  million  liters  sprayed  for  any  one  year.  For  the  full  five-year  period 
this  curve  would  give  a  total  amount  of  herbicide  sprayed  of  3.5  million  liters. 
For  curve  B  the  peak  level  was  0.55  million  liters  and  the  total  was  1.66  million 
liters.  Curves  C,  D,  and  E  gave  peak  levels  of  0.28,  0.14,  and  0.05  million 
liters  and  total  levels  of  0.89,  0.45,  and  0.16  million  liters,  respectively. 


Effect  of  herbicide  spraying 

Figures  10a  and  10b  show  the  effect  of  herbicide  spraying  on  mangrove 

lend  and  mangrove  biomass,  respectively,  when  the  rate  of  gross  photosynthesis 

is  only  3.5  gma  per  m2  per  day.  In  Figure  10a  the  land  that  the  mangroves 

cover  is  reduced  from  750  km2  to  615,  410,  245,  140,  or  25  km2  at  total  herbicide 

dosages  of  0.16,  0.45,  0.89,  1.66,  or  3.5  million  liters,  respectively.  To  con- 

2 

vert  these  values  to  acres  multiply  km  by  247.  The  times  required  for  the  land 
to  be  recolonized  by  mangroves  would  be  45  ,  65  ,  90,  >100  and»100  years  at 


increasing  rates  of  total 
Figure  10b  shovs 


-litersr  mangrove  biomass 


icrblcide  dosage. 

the  effect  of  herbicide  on  mangrove  biomass.  At  the 


five  levels  of  total  herbicide  dosage  of  0*16,  0.45,  0.89,  1.66  and  3.5  million 


ills 


reduced  to  2100,  1500,  1200,  700  and  200  gma  per  m2. 


respectively,  from  an  initial  steady  state  biomass  level  of  2000  gms  per  nr.  The 
mangroves  returned  to  the  initial  level  of  biomass  in  10,  40,  60,  90,  or >100  years 
depending  on  the  total  herbicide  dosage  applied  during  the  five-year  period.  As 
spraying  increased,  so  did  the  time  for  complete  recolonization  to  initial  steady 
state  levels.  ;•  -  : 

Figures  lie  end  lib  show  the  effect  of  herbicide  on  mangrove  land  and 
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mangn.ve  biomasa  whin  the  rate  of  gross  photosynthesis  was  7  gms  per  a 2  per  day. 

In  tigure  11a  the  land  covered  with  mangroves  was  reduced  to  600,  430,  275, 

15J,  or  75  ka^  at  herbicide  dosages  of  0.16,  0.45,  0.89,  1.66  and  3.5  million 
liters.  The  times  required  for  recolonization  of  the  land  were  20,  35,  50,  60, 
and  80  years  as  spraying  Increased  from  lowest  to  highest  rate. 

Figure  lib  shows  the  effect  of  herbicide  on  mangrove  biomass.  From  sn 
initial  st-tdy  state  biomass  of  3800  gms  per  m^  the  biomass  level  was  reduced 
to  3400,  2«00,  1800,  1200  and  500  gms  per  m^  from  the  lowest  to  the  highest 
amounts  of  herbicide  dosage.  The  mangroves  returned  to  the  pre-spraying  levels 
in  10,  20,  30,  50,  or  73  years  after  spraying  at  the  various  levels  of  herbicide. 

Figures  12a  and  12b  Bhow  the  effect  of  herbicide  on  mangrove  land  and 
mangrove  biomasa  whan  the  rate  of  grosa  photosynthesis  was  14  gms  per  m2  per  day. 

In  Figure  12a  the  mangrove  land  area  was  reduced  from  750  km2  to  660,  470, 

310,  160,  or  80  km^  at  herbicide  dosages  of  0.16,  0.45,  0.89,  1.66  or  3.5  million 
liters  sprayed  over  the  five-year  period.  The  times  required  for  recolonization 
of  the  sprayed  areas  were  15,  25,  35,  45,  or  60  years  for  increasing  levels  of 
herbicide. 

2 

In  Figure  12b  mangrove  biomass  was  reduced  from  7000  gms  per  m  to  6600, 

2 

5700,  4000,  2500,  or  1100  gms  per  m  depending  on  tho  level  of  herbicide  applica¬ 
tion.  The  mangroves  returned  to  prespraying  biomcsa  level  in  10,  20,  25,  30,  or 
40  yeara  at  the  selected  herbicide  dosages.  _ , _ 

Figures  13a  and  13b  shew  the  effect  of  herbicide  spraying  and  a  30Z 
cutting  rate  on  the  mangrove  land  area  and  the  mangrove  biomass.  In  Figure  13a 
mangrove  land  area  is  .reduced  to  655,  510,  350,  220,  or  55  km2  at  the  five  levels 
of  herbicide  application.  The  times  required  for  recolonization  were  15,  25,  35, 
45,  or  65  years. 

In  Figure  13b  mangrove  biomass  is  reduced  from  5400  gms  per  m2  to  4800, 
4100,  2600,  1300,  or  700  gms  per  m2  at  the  five  levels  of  herbicide  application. 


LAND  AREA  COVERED 
BY  MANGROVE,  km2 
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The  times  required  for  the  mangroves  to  return  to  the  prespraying  biomass  were 
15,  25,  35,  50,  or  60  years. 

Figure  14  shows  the  effect  of  seedling  availability  on  the  rate  of 
recolonization  when  the  level  of  herbicide  dosage  was  3.5  million  liters  and 
the  rate  of  gross  photosynthesis  was  14  gma  per  n^  per  day.  The  time  required 
for  recolonization  by  the  mangrovea  was  40,  70,  or  100  years  for  seedlings 
available  all  year,  5  or  3  months  out  of  each  year.  As  the  availability  of 
seedlings  la  decreased,  then  the  time  to  ree.h  a  steady  state  level  of  mangrove 
biomass  is  Increased. 

Figures  15a,  15b,  15c  show  the  effect  of  artificial  planting  of  seedlings 
on  the  recolonlzation  by  mangroves.  Each  figure  gives  two  planting  rates  of 
15  to  75  seedlings  per  acre  per  year  in  addition  to  natural  recolonlzation.  In 
Figure.  15a  the  rate  ot  gross  photosynthesis  is  7  gas  per  m?  per  day  and  the 
cutting  rate  is  32  of  the  trees  per  year.  Under  these  conditions  and  no  additional 
planting  by  man, recolonlzation  occurs  in  about  80  years.  At  a  successful  planting 
rate  of  15  seedlings  per  acre  the  mangroves  recolonize  in  35  years  and  in  12  years 
at  a  successful  planting  rate  of  75  seedlings  per  acre.  Success  in  planting  is 
102  of  the  seedlings  planted. 

In  Figure  15b  the  rate  of  gross  photosynthesis  is  14  gms  per  m*  per  day 
and  cutting  la  3X  of  the  trees  per  year.  These  conditions  and  no  additional  plant¬ 
ing  by  man  result  in  recolonlzation  by  the  mangroves  in  40  years.  At  successful 
planting  rates  of  15  and  T*  seedlings  per  sere  per  year*  tinea  for  recoionlzatlon 
mere  25  and  12  years. 

In  Figure  15c  the  rate  of  gross  photosynthesis  is  14  gms  per  day  and  the 
cutting  rate  has  been  increased  to  302  of  the  trees  per  year.  These  conditions 
and  no  additional  planting  by  nan  result  ir  recolonlzation  by  the  mangrovea  in 
60  years.  At  successful  planting  rates  of  15  and  75  seedlings  per  acre  per  year 

' " :  i  vi.:-  -  ..  \  ‘  ;  -  i  ••  ■  ;  . 

the  times  for  recolonlzation  were  30  and  12  years. 
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DISCUSSION 


An  important  factor  that  may  Influence  the  size  of  a  mangrove  forest  Is  the 
availability  of  nutrients.  In  Figure  7  the  several  different  rates  of  photo¬ 
synthesis  represent  cases  of  different  nutrient  availability.  The  curves  in  this 
figure  demonstrate  that  in  conditions  of  plentiful  nutrients  the  mangroves  are 
healthy  and  fora  large  trees.  If  nutrients  are  scarce,  then  the  mangroves  are 
low  in  biomass.  This  would  tend  to  support  observations  ihat  the  largest  man¬ 
groves  tend  to  grow  along  the  banks  of  tidal  rivers  where  the  currents  constantly 
bring  nutrients  to  the  trees.  The  biomass  values  at  steady  state  ore  relatively 
low  compared  to  some  values  that  have  appeared  in  the  literature.  Golley  (1968) 
reports  s  .standing  crop  of  28,000  grams  per  square  meter  for  mangroves  in  Panama 
and  Lugo  and  Snedaksr  report  biomass  values  ranging  from  8700-13,400  grams  per 
square  meter  for  mangroves  in  Florida.  For  Thailand,  Banijbatana  (1957)  reports 
yields  for  mangroves  of  10,000  grams  per  square  meter.  Also,  the  value  used  in 
this  simulation  was  5000  grams  per  square  meter  from  the  study  by  Golley  al 
(1962)  in  Puerto  Rico. 

The  low  values  may  have  also  resulted  from  choosing  a  rate  of  respiration 
that  was  too  high.  If  respiration  is  very  high,  then  the  rate  of  net  production 
will  be  low.  The  effect  of  this  is  to  give  the  low  biomass  values  shown  in  Figure 
7.  Tbs  low  biomass  values  could  represent  areas  of  mangroves  in  the  Rung 
Sat  such  as  those  areas  colonized  by  species  of  Carlopa.  a  bush-type  mangrove 
that  can  colonise  disturbed  areas.  The  higher  biomass  values  would  correspond 
to  mangroves  growing  along  the  banks  of  the  tidal  channels. 

The  curves  in  Figure  9  were  simulated  to  show  the  effect  that  varying 
rates  of  herbicide  application  may  have  on  the  Rung  Sat  mangroves.  From  Figures 
10  -  13  this  e'.fect  can  be  easily  notad.  The  circle#  in  Figure  9 

indicate  the  herbicide  levels  that  actually  occurred  during  ea.  of  the  years 
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from  1965  to  1970.  Curve  A  in  Figure  9  is  the  closest  approximation  to  the 
actual  spraying  conditions.  The  total  amount  of  herbicide  sprayed  on  the  mangroves 
of  the  Rung  Sat  was  3.9  million  liters  which  compares  with  the  3.5  million  liters 
of  Curve  A  in  Figure  9.  For  this  reason  the  discussion  will  be  involved  with 
this  rate  of  herbicide  application. 

At  this  high  leyel  of  spraying  and  a  rate  of  gross  photosynthesis  of  3.5 
gma  per  sr  per  day (Figure  10a)  the  area  of  bare  land  produced  was  725  km 
or  72,500  hectares.  Therefore,  the  amount  of  spraying  was  48.3  liters  per  hectare 
or  5.05  gallons  per  acre.  This  corresponds  roughly  with  the  stated  application 
rate  of  3  gallons  per  at.re.  Under  better  nutrient  conditions  (Figure  11a)  the 
area  of  bare  land  produced  was  675  km2.  The  herbicide  application  rate  in  this 
case  was  51.9  liters  per  hectare.  Under  possibly  nutrient-rich  conditions  (Figure 
12a)  the  area  of  bare  land  produced  was  670  km^  for  an  application  rate  of  52.3 
liters  per  hectare.  Since  the  application  rate  la  greater  than  3  gallons  per 
acre  (28.7  liters  per  hectare),  this  probably  means  that  many  areas  were  sprayed 
more  than  once. 

Figures  10a,  11a  and  12a  show  that  the  rate  of  reco Ionization  can  depend 
quite  strongly  on  the  level  of  nutrients  available.  If  nutrients  are  a  problem 
as  in  Figure  10a,  then  the  mangroves  take  over  100  years  to  reach  prespraying 
land  areas.  In  addition  the  mangroves  that  do  become  established  are  low  in 
biomass  per  m2  (Figure  10b) .  With  no  nutrient  problem,  (Figure  12b)  the  mangroves 
recolonize  the  sprayed  areas  in  years  and  reach  reasonable  level  of  biomass (Figure 
12b). - : - , _ ; _ _ _ 

Woodcutters  were  also  shown  to  have  an  impact  on  the  rate  of  recovery  of 
mangroves.  The  bare  land  was  colonized  in  60  years  at  a  cutting  rate  of  3Z  (Figure 
12a)  and  in  65  years  at  a  cutting  rate  of  30Z  of  the  trees  (Figure  13a).  Thus 
a  tenfold  increase  in  cutting  rate  delays  the  recovery  only  5  years,  but  the  bio¬ 
mass  is  lowered  by  1600  g»s  per  m2  (7000  gma  per  m2  in  Figure  12b  and  5400  gms 


per  m*  In  Figure  13b).  An  interesting  outcome  of  theee  results  is  that  the 
resulting  mangroves  would  probably  be  undesirable  for  use  as  charcoal.  The 
highly  prized  trees  would  be  continually  selected  against  by  the  woodcutters  and 
the  poorer  valued  trees  would  proliferate. 

If  the  results  of  these  simulations  are  corvect,  then  both  woodcutters  and 
nutrient  availability  could  act  to  delay  the  recovery  of  the  mangroves  of  the 
Sung  Sat.  The  need  arises  here  for  data  on  the  level  of  nutrients  in  various 
sections  of  the  Bung  Sat.  Also,  at  what  rate  are  the  woodcutters  harvesting  the 
remaining  live  mangrove  trees? 

Another  variable  that  could  very  easily  be  the  most  important  single  factor 
limiting  the  recovery  of  the  mangroves  is  the  availability  of  seedlings  to 
colonize  the  bare  areas.  Figure  14  shows  very  positively  that  if  seedlings  are 
only  available  two  months  during  each  year  then  recovery  rates  are  extremely 
slow.  Recently,  E.  b.  Knipling  of  the  University  of  Florida  and  others  returned 
from  Vietnam  with  photographs  of  the  sprayed  areas.  These  photographs  support 
the  hypothesis  that  lack  of  seedlings  la  the  primary  reason  the  bare  areas  are 
not  being  colonized  by  mangroves.  In  these  photographs  the  seedling  density  was 
estimated  to  be  one  seedling  per  62m2  of  land.  When  one  studies  the  photographs, 
it  becomes  quite  apparent  that  seedlings  are  not  reaching  these  areas  with  any 
regularity.  Even  areas  flushed  regularly  by  the  tides  contain  very  few  seedlings. 
Some  seedlings  are  present,  however.  What  is  the  source  for  these  seedlings? 

If  seedling  scarcity  is  the  primary  reason  for  the  very  slow  recovery  of 
mangroves,  then  one  alternative  might  be  to  plant  seedlings.  Figures  15a-c, 

show  that  planting  seedlings  will  speed  recovery.  If  lack  of  seedlings 
is  the  only  problem,  then  a  mangrove  forest  of  adequate  biomass  is  possible  very 
quickly  by  artificial  planting  as  shown  in  Figure  15b.  If  nutrients  or  wood¬ 
cutters  are  the  limiting  factor,  then  planting  will  speed  up  recovery,  but  the 
steady-state  biomass  levels  are  low. 
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V 


VALIDATION  OF  SIMULATION  RESULTS  AND  DATA  USED 

Validation  of  the  data  used  in  the  model  has  been  difficult  because  of  the 

war  in  South  Vietnam.  However,  several  people  on  the  Committee  have  made  trips 

to  South  Vietnam  for  onsite  investigations.  Golley  made  several  counts  of  the 

density  of  seedlings.  He  found  the  seedling  density  in  the  water  to  be  .02 

seedlings  m"2  in  the  sprayed  area.  Golley  also  counted  a  density  of  46  seedlings 
2 

per  m  along  the  banks  and  levees.  Farther  away  from  tidal  influence,  the  seedlings 
density  was  only  .03  seedlings  m"2.  Teas  counted  the  number  of  seedlings  on  trees 
of  Ceriops  sp.  and  found  a  range  of  364  to  586  seedlings  per  tree.  Knipling  and 
Weatherspoon  took  many  photographs  from  ground  le/el  of  the  Rung  Sat.  From  these 
photographs  the  area  of  land  in  each  photograph  was  calculated  and  the  number 
of  seedlings  counted  to  give  only  1  seedling  per  62m2.  In  Puerto  Rico  the 

seedling  density  ranged  from  7-35  seedlings  m“2. 

More  detailed  analysis  of  maps  for  the  Rung  Sat  (see  Ross's  text)  have 
revealed  that  the  total  area,  including  water,  is  1050  km2  of  which  23Z  is  water. 
This  would  give  242  km2  of  water  area  as  compared  to  250  km2  used  for  the  simu¬ 
lation.  The  detailed  analysis  also  revealed  that  only  51Z  of  the  land  area  was 

2 

in  mangroves  prior  to  spraying.  This  gives  an  area  of  535  km  as  compared  to 
2 

700  km  used  in  the  simulation.  A  more  detailed  analysis  also  came  up  with  600 
2 

km  as  the  nrea  sprayed  as  compared  to  525  for  the  simulation. 
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Nutrient  Models  and  Perspective  on  Mangrove  Recovery  in  Rung  Sat 
Joan  Browder,  T.  Ahlstrom,  and  M.  Sell 

After  the  trees  of  the  Rung  Sat  were  killed  by  herbicides,  their 
leaves  and  wood  were  almost  entirely  removed  by  wood-cutters,  tidal 
action,  or  decomposition,  with  a  loss  of  nutrient  content.  Models  that 
summarize  the  orders  of  magnitude  of  nutrients  such  as  nitrogen  and 
phosphorus  per  area  of  land  are  useful  for  providing  some  perspective 
on  the  fraction  of  nutrients  remaining  in  muds,  roots,  and  water. 

By  comparing  the  stocks  present  and  those  removed  with  the  rates  of 
flow  it  is  possible  to  gain  some  idea  of  the  approximate  time  required 
for  nutrient  restoi^tion.  Preliminary  models  for  nitrogen  and 
phosphorus  are  given  in  Figure  1 .  Details  of  the  bases  for 

estimates  shown  in  the  energy  diagrams  are  presented  in  Tables  1 
and  2.  More  detailed  data  are  being  developed  in  another  subcon¬ 
tract  by  P.  Zinke,  and  additional  diagrams  and  more  precise  numbers 
for  compartments  and  flow  rates  can  be  added  when  totals  are  available 
from  that  work. 

The  models  are  drawn  in  energy  language  with  some  of  the  main 
driving  functions  shown  but  highly  simplified.  Notice  that  the 
phosphorus  model  has  a  higher  percentage  of  total  supply  in  leaves 
and  wood  than  does  the  nitrogen  model.  There  is  an  apparent  stockpile 
of  nitrogen  in  the  mud.  Therefore  phosphorus  may  be  the  more  limiting 
of  the  two  nutrients  in  terns  of  regrowth. 

The  estimates  of  river  inflow  are  very  rough  approximations, 
pending  receipt  of  better  data.  If  ha  magnitude  assumed  is  correct, 
the  Rung  Sat  obtains  more  than  enough  phosphorus  to  supply  nutrient 
needs  for  regrowth.  Even  if  the  order  of  magnitude  were  less  by  a 
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factor  of  100  there  would  still  be  enough.  Because  of  the  river  situation, 
the  models  suggest  that  nutrients  are  not  limiting.  However  calculations 
Imply  that  soil  organisms  such  as  algae  and  bacteria  may  pliy  an  important 
role  In  incorporating  nutrients  from  the  river  into  the  mud,  thus  making 
them  available  to  mangrove  roots.  Exchange  of  nutrient-rich  water  with 
the  arid  is  limited  by  the  extremely  low  rate  of  water  penetration  due  to 
permanently  water-logged  conditions  (Clarke  and  Hannon, 1967) .  The  ability 
of  mangrove  soils  to  supply  nutrients  for  the  reestablishment  of  mangrove 
vegetation  in  the  Rung  Sat  may  be  greatly  dependent  upon  the  status  of 
soil  organisms  In  the  period  following  herbicide  application.  xn  fig,  2 
is  the  model  that  has  some  main  aspects  of  coupling  of  nitrogen  and  phosphorus. 
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(13)  Pulse  of  herbicide  apolication,  increasing  the  rate  of  leaf 
fall  and  rate  of  wood  removal  by  woodcutters  until  the  supply  is 
depleted. 

Trees  are  killed  and  the  above-ground  biomass  is  removed  by  wood¬ 
cutters,  tidal  flux,  and  decomposition. 
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INTRODUCTION 


Between  1962  and  1969  about  5  million  acres  of  forest  land  and  crop 
land  in  Viet  Nan  were  sprayed  with  herbicides.  Agent  orange,  containing 
2,  4-D  and  2,  4,  5-1^  and  agent  white,  containing  2,  4-D  and  picloram, 
were  applied  at  rates  of  11.7  pounds  per  acre  and  5.6  lbs.  per  acre  res¬ 
pectively  in  multiple  applications  CGolley,  1971;  Tschirley,  1969).  In 
much  of  the  sprayed  areas,  reestablisLsent  of  the  original  forest  has  been 
negligible  (Golley,  1971).  One  such  area,  the  Rung  Sat  Delta,  south  of 
Saigon,  was  chosen  to  study  the.  possible  causes  of  the  lack  of  coloniza¬ 
tion.  The  area  is  thought  to  have  been  last  sprayed  in  19~0.  Mangroves 
which  once  covered  about  802  of  the  area  have  been  killed  and  the  re¬ 
maining  dead  wood  harvested  for  fuel.  Aerial  photographs  taken  in  1971 
indicate  little  or  no  seedling  growth  in  this  area. 

Originally  the  area  consisted  of  a  gradient  from  predominantly  red 
mangroves  (Rhizoohora  sp.)  on  the  seaward  side  to- a  mixture  of  red  and 
black  mangrove  (Avicennla  sp.)  on  the  inland  side.  The  seaward  side  is 
indundated  daily  with  salinities  ranging  from  25  to  35  parts  per  thou¬ 
sand,  while  on  the  inland  sidt  inundation  occurs  only  during  the  highest 
tides  and  salinities  are  less,  ranging  between  15  and  25  ppt.  The  Saigon 
River  borders  the  area  to  the  went.  Mangroves  still  occur  to  the  north, 
interspersed  with  farmland.  ' . - . . . . . . 1 . 

Climatic  data  for  the  region  are  scarce,  but  some  data  are  avail¬ 
able  from  Tan-Son-Nhut  (Saigon-).  Rainfall  is  greatest  in  September 
and  lowest  in  February  (Table  1).  Temperatures  are  warmest  in  May,  but 
the  mean  monthly  air  «temperatur»«<  vary  less  tnan  four  degrees  annually. 


Table  1.  Maximum,  minimum,  and  mean  monthly  air  temperatures  (*C) 
and  mean  precipitation  (mm)  for  Saigon,  Viet  Nam  (after 
Conway  (1963)  and  Cuong  (1964)). 


Month 

Maximum  air 
temperature 

Minimum  air  Mean  air  _  ,  . 

Precip*  tation 

temperature  temperature  r 

January 

32 

17 

24 

6 

Tab ruary 

33 

18 

25 

3 

March 

36 

19 

27 

6 

April 

33 

20 

28 

55 

Key 

38 

13 

23 

2  P" 

June 

35 

18 

26 

205 

July 

33 

18 

25 

,,200 

August 

32 

18 

25 

184 

September 

33 

17 

26 

198 

October 

31 

17 

26 

202 

November 

31 

16 

24 

64 

December 

31 

15 

24 

35 

-1 

Solar  radiation  rtmains  at  about  325-375  langleys  day  most  of  tUepyear 
because  of  the  constant  cloudiness.  The  sunniest  ment*-^  February fiarch, 
and  April  are  also  the  driest  (Table  2)  ,  with  the  daily  radiation 
total  increasing  to  400-450  langleys  day 

_ _ The  reasons  why  the  maugrove  vegetation  is  recovering  alowly 

or  possibly  not  at  all  are  not  yet  known.  It  is  however  possible  to  spe¬ 
culate  as  to  what  is  currently  happening.  The  purpose  of  this  pape;:  is 
to  bring  together  existing  knowledge  of  the  area  in  term3  of  climatological, 
geological,  and  physiological  characteristics  in  order  to  attempt  to  under- 


iCte: 

31 


stand  tne  processes  and  interactions  lnriuencing  rauevelopiueut  la  ths 

,  • 

Sat  area.  The  method  we  shall  use  is  digital  modeling.  Without  g^lng 
an  extensive  review  of  the  history  and  validity  of  digital  modeling, 
digital  modeling  as  a  technique  in  understanding  relationships  and 
interactions  within  a  system,  whether  it  be  biological,  chemical, 
or  physical,  has  demonstrated  Itself  In  the  past  to  be  a  useful  toolj.  . 

A  model  ia  only  beneficial  if  it^helps  to  clarify  our  understanding 
of  relationships  within  a  system.  A  modal  is  most  useful  if  it  utilizes 
relationships  and  parameters  which  con  be  measured.  Also  the  model  should 
yield  Insight  into  Che  processes  of  the  system  that  1)  require  further 
investigation  and  2)  are  most  crucial  to  the  system.  This  is  the  philo¬ 
sophy  used  ia  this  modeling  exercise, . The  model  is  based  on  data 

recorded  in  the  literature  a~.d  from  field  research  on  sengrovea  carried 
out  in  south  Florida  on  an  A.E.C.  contract. 

Although  the  reasons  why  mangrove  vegetation  is  not  recovering  or 
ia  recovering  very  slowly  are  not  clear,  several  hypotheses  that  could  be 


Table  2.  Mean  monthl”  values  of  totcl  sol ir  radiation  for  Saigon 
frow.the  Eept.  of  Coia^erce  (196d).  Units  are  langleys 

day  • 


Month _ Kean  Langleys 


January 

350 

February 

422 

March 

456 

April 

439 

May 

368 

June 

391 

July 

386 

August 

369 

September 

356 

October 

335 

November 

316 

December 

316 

tested  using  digital  simulations  were  constructed.  These,  hypotheses 
are  attempts  to  delineate  the  physical  and  biological  processes  acting 
to  constrain  the  redevelopment  of  the  mangrove  forests.  The  hypotheses 

stem  from  the  idea  that  upon  removal  of  the  vegetation*-  the__micro climate - 

ia  changed.  The  new  microclimate  will  then  influence  all  of  the  vege¬ 
tation  attempting  to  establish  in  that  area.  Four  principal  hypotheses 
were  constructed  to  be  tested  by  the  digital  simulations.  These  were: 

1)  Surface  temperatures  lethal  to  prop-guics  and  oeadiiuga  ui^y  be 
produced  at  certain  times  of  the  year. 

2)  High  leaf  temperatures  may  be  reached,  in  the  exposdd  seedling 
canopies  causing  a  decrease  in  net  production,  and  if  leaf 

-  temperatures  are  high  enough,  an  increase  in  seedling  mortality. 

3)  The  substrate  surface  dries  faster  than  the  mangrove  seedlings 
can  grow  roots,  and  the  propagules  die  of  desiccation  at  certain 
times  of  the  year. 

4)  Low  immigration  and  high  mortalities  result  in  slow  propagule 
establishment  and  reforestation. 

Predation  by  man  and  herbivorous  animals  were  not  considered, 
nor  was  competition  between  mangroves  and  cthar  species,  such  as  grasses, 
because  the  principal  constraint  on  the  mangrove  redevelopment  was  thought 
to  Be  due  to  environmental  factors  or  to  physiological  responses. 

Two  modeling  approaches  were  undertaken:  a  total  ecosystem  model 
which  aimulaf.es  the  redevelopment  of  mangroves  over  a  span  of  several  years, 
and  a  detailed  physical  and  physiological  response  model  (CANOPY)  of  man- 
grove-environment  interactions,  which  simulates  a  period  of  twenty^-feur  hours 


Description  of  each  model  and  a  discussion  of  the  data  base,  simulation 
results,  and  conclusions  are  presented  separately  in  the  following  section. 
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DESCRIPTION  '?  THE  DETAILED  PHYSICAL  AND  PHYSIOLOGICAL 
RESPONSE  MODEL 
I.  CANOPY 

CANOPY  is  a  canopy-microclimate-primary  production  model  which 
estimates  hourly  values  of  net  primary  production  and  transpiration  by 
strata  throughout  a  canopy.  CANOPY  calculates  the  microclimate  of  the 
strata  :md  then  evaluates  the  effect  of  the  microclimate  on  the  vege¬ 
tation.  The  model  will  be  discussed  in  two  parts:  1)  a  description  of 
the  processes  influencing  the  micrometeoro logical  profiles  and  2)  a  des¬ 
cription  of  the  processes  influencing  leaf  temperature  and  primary  pro¬ 
duction. 

To  best  understand  hcv  CANOPY  works,  we  will  briefly  run  through  one 
cywle  of  the  program  (Figure  1).  This  description  is  given  here  in  order 
Co  gl^e  the  reader  an  idea  of  the  processes  and  interactions  involved  in  the 
model.  Input  data  necessary  for  CANOPY  include  hourly  microclimate  values, 
canopy  leaf  ares  distributions,  and  physiological  parameters  for  the  species 
being  modeled  (Tables  3-5) .  Hourly  calculations  are  then  mads  oh  the  pro- 
caasea  within  the  canopy  which  influence  primary  production,  transpiration, 
and  energy  exchange.  Short  wave  radiation  penetration  through  the  canopy 
la  calculated  aa  daacribed  by  Miller  (1969,  1972b).  Transpiration,  internal 
leaf  water  statua,  and  vater  uptake  rates  sra  Chen  calculated.  The  profiles 
of  microt iimatic  variables  are  determined  by  a  modification  of  the  model 
discussed  by  Waggoner  and  Reif snyder  (1963),  Leaf  temperatures  are  calcu¬ 
lated  by  an  iterative  solution  of  tbs  leaf  energy  budget.  Finally,  net  photo¬ 
synthesis  is  estimated.  Hourly  summaries  are  printed,  after  which  the  model 
proceeds  to  the  next  hour  with  the  information  needed  from  the  previous  hour, 
A  flowchart  of  CANOPY  appears  ss  Figure  la. 


// 
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Figure  1.  General  flowchart  of  the  progran  CAHOFT 


Fie.  It  Flow  chxrti  illuttrathij  the  interrelation*  between  canopy  variables  and  physical  precedes  Sym¬ 
bol*  are  defined  and  explained  to  the  text.  The  upper  chart  illustrate*  the  interrelation*  for  one  level  to  the 
Canopy;  the  lower  chart,  for  a  canopy  divided  into  three  level*,  (after  Miller,  1972) 
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Table  3  . 


Microcliinat 
a  point  Ju 
radiation 
Celsius, 


i  for 


a  input  data  for  CANOPY.  All  valuaa  arc  for 
$t  above  the  top  of  the  canopy.  Unite  for 

I*""*  _ 


iris  cal  cm~*  «in"xf  for  air  taaperaturt  degrees  , 
vapor  density  %  n  ,  and  wind  velocity  cm  sec  . 


Tabruary  aunnv 


Hour 

Total 

solar 

Diffusa 

solar 

Infrared 
from  sky 

Air  Air 

temperature  vapor  den. 

Wind 

velocity 

1 

0 

0 

0.60 

23.0 

19.0 

60. 

2 

0 

0 

0.60 

22.0 

19.0 

60. 

- — 3  — 

0 

0 

0.60 

21.0 

19.0 

60. 

4 

0 

0 

0.60 

20.0 

19.0  . 

60. 

5 

0 

0 

0.60 

19.0 

18.5 

60. 

6 

0... 

0 

0.60 

20.0 

19.0 

80. 

7 

0.10 

0.10 

0.60 

21.0 

19.5 

100. 

1 

0.50 

0.10 

0.60 

24.0 

20.0 

125. 

9 

1.00 

0.20 

0.60 

27.0 

20.0 

150. 

10 

1.15 

0.25 

0.60 

29.0 

20.0 

175. 

11 

1.20 

0.30 

0.60 

31.0 

20.0 

200. 

12 

1.30 

0.30 

0.60 

32.0 

20.5 

225. 

13 

1.20 

0.30 

0.60 

31.5 

21.0 

250. 

14 

1.15 

0.30 

0.60 

30.5 

20.5 

200. 

» 

15 

1.00 

0.25 

0.60 

30.0 

20.0 

175. 

16 

0.80 

0.25 

0.60 

30.0 

20.0 

150. 

17 

0.50 

0.20 

*  0.60 

29.5 

20.0 

150. 

IS 

0.10 

0.10 

0.60 

29.0 

19.5 

80. 

19 

0 

0 

0.60 

28.5 

19.5 

80. 

20 

0 

0 

0.60 

28.0 

19.5 

60. 

21 

0 

0 

i 

•  0.60 

*  27.0 

19.0 

60. 

22 

0 

< 

|o 

0.60 

26.0 

19.0 

60. 

23 

0 

0 

0.60 

25.0 

19.0 

60. 

24 

0 

0 

0.60 

24.0 

19.0 

60. 

Ill 


Table  3.  (continued). 
February  average 


Bout 

Total 

•olar 

Diffuse 

•olar 

Infrared 
from  sky 

Air  Air  Wind 

temperature  vapor  density  velocity 

1 

0 

0 

0.60 

22.0 

19.0 

60. 

2 

0 

0 

0.60 

22.0 

19  .‘0 

60. 

3 

0 

0 

0.60 

22.0 

19.0 

60. 

4 

0 

0 

0.60 

22.0 

19.0 

60* 

5 

0 

0 

0.60 

23.0 

19.0 

60. 

6 

0 

0 

0.60 

24.0 

19.0 

80. 

7 

o.io 

0.05 

0.60 

25.0 

19.0 

100 

8 

0.40 

0.20 

0.60 

26.0 

19.0 

125. 

9 

0.70 

0.30 

0.60 

27.0 

19.0 

150. 

10 

0*80 

0.30 

0.60 

27.0 

19.0 

175. 

11 

0.90 

0.40 

0.60 

27.0 

19.0 

200. 

12 

1.10 

0.50 

0.60 

28.0 

19.0 

225. 

13. 

0.90 

0.60 

0.60 

28.0 

19.0 

'  250. 

• 

14 

0.80 

0.60 

0.60 

28.0 

19.0 

225. 

15 

0.70 

0.50 

0.60 

27.0 

19.0 

200. 

16 

0.60 

0.40 

0.60 

27.0 

19.0 

150. 

A  1ft 

A  4A 

91  ft 

19.0 

_ 150, 

"  if 

U*  w  " 

18 

0.10 

0.10 

0.60 

• 

26.0 

19.0 

100. 

19 

0 

0 

0.60 

26.0 

19.0 

80. 

20 

0 

0 

0.60 

23.0 

19.0 

60. 

21 

0 

0 

0.60 

24.0 

19.0 

60. 

22 

0 

0 

0.60 

.  23.0 

19.0 

60. 

23 

0 

0 

0.60 

22.0 

19.0 

60. 

24 

0 

0 

0.60 

22.0 

19.0 

60. 

Tsbl«  3,  (continued). 


s 

0 

0 

0.60 

24.0 

24.0 

60 

8 

0.05 

0.05 

0.60 

25.0 

24.0 

80 

0.33 

0.10 

0.60 

•28.0 

24.0 

100 

0.70 

0.20 

0.60 

31.0 

24.0 

125 

9 

1.10 

0.50 

0.60 

33.0 

24.0 

150 

10 

1.15 

0.60 

0.60 

35.0 

24.3 

175 

11 

1.00 

.  0.70 

0.60 

35.0 

24.3 

200 

12 

y 

0.90 

0.70 

0.60 

35.0 

24 

.5 

225 

13 

0.80 

0.80 

0.60 

33.0 

24.5 

250 

1+ 

0.70 

0.70 

0.60 

32.0 

25.0 

225 

15 

0.65 

0.65 

0.60 

31.0 

* 

.0 

200 

1« 

0.60 

0.60 

0.60 

30.0 

I 

.5 

150 

17 

0.50 

0.50 

0.60 

29.5 

4 

1 

.4 

150 

18 

0.40 

0.40 

_ 0.60 _ 

ok 

K 

i  Art 

19 

0.10 

0.10 

0.60 

•  —  ■'•'♦Vr - ; - 

28.5 

- 

24 

J  -  — • 

.5 

-  Xw 

80 

20 

0 

0 

0.60 

28.0 

24.0 

60 

a 

0 

0 

0.60 

27.5 

24.0 

60 

22 

0 

0 

0.60 

27.0 

24.0 

60 

a 

0 

0 

0.60 

26.5 

• 

24.0 

60 

24 

0 

0 

0.60 

26.0 

24.0 

60. 
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Table  3.  (continued) . 


May  average 


Hour 

Total 

Diffuse 

Infrared 

Air  Air  Wind 

• 

aolar 

solar 

from  sky 

temperature  vapor  den.  velocity 

1 

0 

0  . 

0.60 

26.0 

24,0 

60. 

2 

0 

0 

0.60 

26.0 

24*.  0 

60. 

3 

0 

0 

0.60 

26.0 

24.0 

60.- 

J 

4 

0 

0 

0.60 

26.0 

24.0 

60. 

J 

0 

0 

0.60 

26.0 

24.C 

60. 

6 

0 

0 

0.60 

26.0 

24.0 

80. 

* 

7 

0.20 

0.10 

0.60 

26.0 

24.0 

100. 

4 

8 

0.50 

0.30 

0.60 

28.0 

24.0 

125. 

9 

0.70 

0.40 

0.60 

29.0 

24.0 

150. 

10 

0.80 

0.40 

0.60 

30.0 

24.0 

175. 

11 

0.70 

0.60 

0.60 

30.0 

24.0 

200. 

,  > 

12 

0.70 

0.70 

0.60 

30.0 

24.0 

225. 

i 

13 

0.60 

0.60 

0.60 

30.0 

24.0 

250. 

14. 

0.60 

0.60 

0.60 

30.0 

.  24.0 

225. 

•  f 

j  ;  • 

15 

0.50 

0.50 

0.60 

30.0 

24.0 

200. 

j 

16 

0.40 

0.40 

0.60 

30.0 

24.0 

175. 

!  ' 
i 

17 

0.25 

0.25 

0.60  ‘ 

30.0 

24.0 

150. 

.■.I  - 

i 

IS 

0.15 

0.15 

0.60 

29.0 

24.0 

100. 

!  * 

19 

O.oO 

0.10 

0.60 

28.0 

24.0 

80. 

i 

20 

0 

0 

0.60 

27.0 

24.0 

60. 

21 

0 

0 

0.60 

27.0 

24.0 

60. 

i 

I 

22 

0 

0 

0.60 

• 

27.0 

*24.0 

60. 

23 

0 

0 

0.60 

27.0 

24.0 

60. 

24 

0 

0 

0.60 

26.0 

24.0 

60. 

,..d  ' 

,  ; ;  \  ;• 

/ 


Table  Stand  structure  used  In  the  CANOPY  simulations.  The 
total  LAI  la  approximately  0.A5.  Strata  1  Is  at  the 
top  of  the  canopy.  The  actual  data  is  hypothetical, 
but  canopies  of  similar  structure  are  found  in  man- 
trove  swamps. 


Table  5.  Physiological  inout  oarameters  to  CANOPY  and  values  used  in 
the  simulations.  All  data  are  for  Rhlzophora  mangle. 


Variable  Symbol 

Value 

Data  Source  j 

ninimum  leaf  resistance 

Tmin 

0.04  min  cm  * 

Miller  and  Ehleringer (1972 

:utlcular  leaf  resistance 

rcut 

0.50  min  cm  * 

Miller  and  Ehleringer (1972; 

photosynthesis  light 

0  -1 

1  parameter 

ap 

2.5  cm  ly(gC02)  L 

Miller  (1972) 

photosynthesis  light 

2 

Miller  (1972) 

■  parameter 

bp 

0.03  gCO^lyca 

absorptance 

a 

0.60 

Miner  (1972) 

mesophyll  resistance 

root  resistance 

j 

rmea 

rr 

0.30  m in  cm  ^ 

0.2  min  cm_1bar“^ 

Moore, et  al.  (1972) 

Miller  and  Ehleringer (1972’ 

stomatal  light  parameter 

D 

14.  ly^min 

Miller  and  Ehleringer (19 72) 

leaf  reaistance  parameter 

X  ' 

16. 

Miner  and  Ehleringer  (1971 

| 

iaturation  leaf  density 

°T 

50  mg  cm  2 

Miner  (1972) 

j  Photosynthesis  System  1 

leaf  temperature  w /  0.0  net 


| 

photosynthesis 

T. 

10  #C 

Moore, et  al. 

(1972) 

1 

leaf  temperature  v/  0.0  net 

(1972) 

photosynthesis 

T. 

37" *C. 

Moore, et  al. 

optimum  leaf  temperature 

*opt 

27  *C 

Moore.et  al. 

(1972) 

for  photosynthesis 

. —  . - 

Photosynthesis  System  2 

. 

T. 

10  *c 

Hypothesized 

T. 

40  *C 

Hypothesized 

*opt 

30  *C 

Hypothesized 

CANOPY  Incorporates  several  digital  models  which  have  been  or  are  being 
described  in  the  literature.  These  are:  1)  a  model  to  describe  solar 
radiation  penetration  into  the  canopy  from  Hiller  (1969,  1972b);  2)  a 
model  to  estimate  net  primary  production,  leaf  temperatures,  and  physical 
processes  within  a  canopy  from  Hiller  (1972a)  aid  Hiller  and  Tieazen  (1972), 

e 

3)  a  model  to  describe  water  relations  within  plants  from  Hiller  and 
Shlerlnger  (1972),  4)  a  model  to  calculate  microclimatic  profiles  from 
Waggoner  and  Reifsnyder  (1968) ,  and  5)  a  model  to  calculate  soil  tempera¬ 
tures,  soil  water  content,  and  the  movement  of  heat  and  water  In  saturated 
and  nonsaturated  soils  from  Ng  and  Hiller  (1972).  No  attempt  will  be  made 

here  to  give  a  complete  description  of  the  models  as  more  complete  discussions 
can  be  found  in  each  respective  paper. 

CANOPY  la  an  updating  of  these  models.  Incorporating  equations  which 
express  s  more  detailed  mechanistic  understanding  of  processes  effecting 
primary  production  than  were  discussed  in  the'  Miller  (1972a)  primary  production 
model.  These  additional  equations  will  be  discussed  leter.  CANOPY  Is  further 
modified  to  simulate  processes  affecting  primary  production  and  revegetation 
of  mangroves  in  the  Sung  Sat  Delta,  Viet  Nam. 

■  Specific  features  of  CAN01 *  -"or  the  Sung  Sat  simulations  Include  the 
hypothesized  effects  of  herbicides  on  photosynthesis  and  the  effect  of  salt 
water  on  the  soli  water  potential  end  on  transpiration. 

II.  Ml CR0ME TEOROLOG 1  CAL  PS07TLE5 

Kicroneteorological  profiles  are  calculated  by  four  sair.dels:  WAR, 
SAEHOD,  SOILT,  and  INFRA.  WAS  Is  the  submodel  to  calculate  air  tempera¬ 
ture  and  vapor  density  profiles,  modified  from  Waggoner  and  Seifsynder  (1968). 
XAMOD  is  the  Hiller  (1972b)  submodel  for  calculsting  short  wave  radiation 
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profiles  within  the  canopy.  The  submodel  for  Che  calculation  of  values 
for  soil  variables  is  SOIL!  and  is  adapted  from  Ng  and  Miller  (1972). 
IKFRA  is  a  submodel  which  calculates  Infrared  radiation  profiles. 

As  microclimatic  input  data  to  CANOPY,  we  need  24  hour  values  of 


total  short  wave  radiation,  diffuse  short  wave  radiation,  infrared  radiation 
from  the  sky,  air  temperature,  and  the  vapor  density  for  a  point  fust  above 
the  canopy.  Given  also  the  leaf  area,  lea.  angle  distribution,  and  the 
declination  of  the  sun  for  the  24  hour  period,  the  microclimatic  profiles 
for  air  temperature,  vapor  density,  and  short  and  long  wave  radiation. 
Utilizing  the  canopy  leaf  area  distributions,  RADMOD  calculates  profiles  of 
direct,  diffuse,  and  reflected  radiation. 

’  The  WAR  submodel  uses  as  input  the  solar  radiation  profiles,  air  tempe¬ 
rature  and  vapor  density  above  the  canopy,  the  soil  surface  temperature,  the 
vapor  density  Just  above  the  soil  surface,  and  the  profile  of  diffusive  leaf 
resistances.  The  values  for  the  profile  of  leaf  resistances  come  from  the 
transpiration  stream  calculations  portion  of  CANOPY.  Soil  temperature  and 
vapor  density  just  above  the  soil  surface  are  calculated  by  SOK.T.  SOIL! 
calculates  the  surface  temperature,  soil  water  content  (volume/volume),  soil 
suction,  and  soil  water  potentials  (bars)  to  a  depth  where  dally  fluctuations 
no  longer  occur. 


“  The  WAR  submodel  then  proceeds  to  iteratively  solve  for  the  air  tem¬ 
perature  and  vapor  density  profiles  while  leaf  temperatures  are  being  cal¬ 
culated.  An  intermediate  Infrared  radiation  submodel  INFRA  supplies  cal¬ 
culated  values  of  infrared  radiation  from  leaves,  ground,  and  sky  to  the 
leaf  and  air  temperature  calculations. 
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III.  LEA?  TEMPERATURES 

L eaf  temperature  calculations  are  based  on  the  heat  ir*nsfer  equation 
for  a  single  leaf  (Gates,  1962;  Miller,  1967)  which  states  that  in  an 
equilibrium  state  the  energy  absorbed  by  a  leaf  equals  the  energy  lost. 
Moreover  the  absorbed  energy  from  solar  and  infrared  radiation  and  con¬ 
vection  is  lost  by  reradiation,  convection,  and  transpiration.  Thus 

aS  +  cXR  -  ±  C  +  LK  CD 

where:  a  la  the  leaf  abaorptance  to  solar  radiation;  S  is  the  solar  ra¬ 
diation  incident  on  the  leaf;  c  la  the  absorption  of  the  leaf  to  infra¬ 
red  radiation;  IE  is  the  infrared  radiation  frc  the  environment  incident 
on  the  leaf;  IR^  is  the  infrared  reradiation  by  the  leaf;  C  la  the  con¬ 
ventional  energy  exchange;  L  is  the  latent  heat  cf  evaporation;  and,  E 
is  the  evaporation  rate. 

Each  process  by  which  energy  is  lost  from  the  leaf  depends  on  the 
leaf  temperature.  Thus  if  the  leaf  temperature  is  T^  in  *C, 

IRt  -  €00^  +  273.)*  "  •'  (2) 

C  -  h  (Tf  -  T  )  C3) 

C  4  • 

E  •  (p  _  -  p_)(r,  +  r  )“l  (4) 

s ,  x^  •  i  a 

_ where:  _  a  is  the  Stefan  Boltzmann  constant;  h  is  the  convection  coeffl- 

c 

dent;  p  _  is  the  saturation  vapor  density  at  leaf  tempeature;  pi* 
the  vapor  density  of  the  air;  r&  is  the  leaf  resistance  to  water  loss; 
and,  r(  is  the  laminar  boundary  layer  resistance.  Once  the  absorbed  ra¬ 
diation  is  known,  leaf  temperature  and  transpiration  can  be  calculate  r. j 
solving  the  above  equations  simultaneously  by  iteration. 
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IV.  PRIMARY  PRODUCTION  CALCULATIONS 


Tha  net  photosynthetic  rate  is  a  good  index  of  the  rate  of  primary 
production.  This  being  the  case,  we  focus  our  model  of  primary  production 
on  determining  the  rates  of  net  photosynthesis  at  the  different  strata 
vithin  a  canopy.  The  physiological  leal'  parameters  determining  this  rate 
of  photosynthesis  become  quite  important.  If  a  model  is  to  accurately  i 
mulate  photosynthesis,  it  must  also  accurately  simulate  those  parameters 
which  indirectly  determine  the  rate  of  photosynthesis. 

Net  photosynthesis  La  related  to  the  absorbed  solar  radiation,  atmos¬ 
pheric  carbon  dioxide  content,  leaf  resistance,  boundary  layer  resistance, 
and  mesophyll  resistance  by  the  equations: 


..too,.),  -  tco2]cbl 


r  +  l»56r.  +  r 

a  i  me  a 


(modified  after  Gaastra,  .1960)  (5) 


PH  -  (aS)  (apaS  +  bp) 


-1 


Ofonteith,  1965) 


(6) 


where:  P^  ia  the  unadjusted  net  photosynthetic  rate;  [C02la  and  (C02lclll 

are  the  carbon  dioxide  concentrations  in  the  air  and  at  the  chloror’ssts;  r 

mas 

is  the  mesophyll  resistance  to  carbon  dioxide  transport;  and,  ap  and  bp  are 
parameters  empirically  derived  from  the  photosynthesis  light  response  curve; 
The  leaf  resistance  to  water  transfer  is  modified  for  carbon  dioxide  diffusion 
by  multiplying  by  the  ratio  of  the  diffusion  coefficients  of  carbon  dioxide 

and  water.  . . 

Leaf  temperature  and  herbicide  influence  net  photosynthesis  torough  the 


equations : 
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PNTH  “  (1  ”  H) 


H  »  bhe 


■kc 


(8) 

(9) 


where:  P„_  is  the  net  photosynthetic  rate  after  the  effect  of  temperature 

is  included;  T«  is  the  leaf  temperature  at  which  net  phototsyntbesis  equals 

zero;  T  ia  the  optimum  leaf  temperature  for  photosynthesis.  There  are 
opc 

two  values  for  T«,  one  on  either  aide  of  T  The  one  used  depends  on  which 

opt 

aide  of  the  optimum  leaf  temperature  the  leaf  temperature  falls. 

J?HTH  ia  the  net  photosynthetic  rate  after  the  effects  of  the 
herbicide  have  been  included;  H  ia  the  relative  effect  of  the  herbicide  on 
photosynthesis;  b  relates  the  herbicide  concentration  to  its  effect  on  the 
photosynthetic  process'  h  is  the  initial  herbicide  concentration;  k  is 
the  decay  coefficient  for  the  herbicide;  and  t  is  the  elapsed  time  since 
the  herbicide  application. 

Het  photosynthesis  is  first  calculated  by  equations  (3)  and  (6), 
and  the  smaller  of  the  two  values  is  taken  as  the  actual  value.  This 
allows  photosynthesis  to  be  limited  by  both  light  and  by  carbon  dioxide 
diffusion.  The  calculated  value  of  net  photosynthesis  is  then  corrected 
for  the  effects  o£  leaf  temperature  and  herbicides.  Temperature  and 
herbicide  effects  are  assumed  to  be  linear.  Linear  interpolation  fur 
the  temperature  effects  on  photosynthesis  yields  a  fair  approximation  to  the 
temperature  response  data  of  Moore  et  al.  (1972). 

‘  ‘  Net  photosynthesis  for  the  canopy  is  calculated  as 

. pt  - ;  <iW  !LAii> 

i  "  0 


(10) 


12! 


where:  is  the  total  net  photosynthesis;  ^Pj^  i»  the  net  photosynthetic 

rate  at  the  i-th  level;  LAI^  ia  the  leaf  area  index  at  the  i-th  level;  and, 
n  is  the  number  of  levels  in  the  canopy. 

V.  TRANSPIRATION  STREAK  CALCULATIONS 

a 

Vater  movement  out  of  the  leaves  is  related  to  the  vapor  density  gra¬ 
dient  and  to  the  resistances  to  water  diffusion  by  the  equation  as  pre¬ 
viously  described  in  equation  (4). 

Internal  leaf  vater  status  is  dependent  on  the  leaf  water  deficit. 

This  is  the  relative  saturation  deficit  (Barrs,  1968)  from  the  fully 
turgid  state.  It  is  expressed  as  a  percentage  and  is  related  to  the 
transpiration  and  vater  uptake  rates  as 

-  VDj.l  +  D"1  /(E  -  Wup)dt  (11) 

vhere:  WI>C  and  are  the  leaf  vater  deficits  at  time  t  and  time  t-1; 

Dj  is  the  saturation  leaf  density,  and  W  is  the  vater  uptake  rate.  The 
saturation  leaf  density  is  defined  as  tha  fully  turgid  leaf  velght  per  square 
centimeter.  .  . 

f 

The  leaf  Water  potential  is  calculated  as  a  second  order  regression 
from  the  data  of  Miller  and  Ehleringer  (1972).  The  regression  is 
”  -0.78  -  6746^  -  0.032VD*  (12) 

vhere  is 'the  leaf  water  potential.  -  - 

The  vater  uptake  rate  is  calculated  using  the  Chm's  Law  analogy,  vhere 
the  potential  driving  force  is  the  vater  potential  gradient  between  the  leaf 
and  the  soil.  Resistance  to  vater  uptake  is  offered  by  the  roots  and  the 
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•oil.  The  uptake  rat*  ia  alas  moderated  by  th«  relative  aurface  areaa  of  the 
root*  and  leave*.  Thus, 

%  '  «<♦.  -  »,»<*.  *  '•>  <U> 

| 

I 

where:  a  ia  thu  ratio  of  root  to  ahoot  aurface  area*;  p#  ia  the  aoil  water 

potential;  and,  ry  and  r  are  the  reaiatancea  to  water  transfer  of  the  root* 

* 

and  aoil  respectively.  These  resistances  are  assumed  to  be  constant. 

Soil  vater  potential  la  related  to  the  aeavater  and  ia  herein  assumed  to 
contain  only  sodium  chloride,  so  the  equation  for  soil  water  potential  sim¬ 


plifies  to, 


♦a  -W.  +  *ae 


where:  0  is  a  conversion  factor  relating  mean  soil  suction  (S#)  to  water 

* 

potential;  y  ia  a  conversion  factor  relating  molarity  of  sodium  chloride 
to  water  potential;  and  S|c  is  the  salinity  of  the  seawater. 

Leaf  resistance  to  water  loss  is  related  to  the  solar  radiation  ab- 
•orbed  by  the  leaf  and  the  internal  vater  status  by  the  equation. 


-  aS(gWD  ♦  aWD*) 
1  +  aS(D) 


(from  Hiller  and  Ehleringer,  1972) 

05) 


where:  7cuC  i*  the  cuticular  resistance,  the  resistance  with  the  stomata 
completely  closed;  g  and  a  are  constants  related  to  the  water  deficit  at 
which  the  minimum  resistance  occurs;  x  is  ss  exponent  related  to  the  steep¬ 
ness  of  the  leaf  reslatance-vater  deficit  curve  at  high  water  deficits;  and, 
D  Is  a  parameter  related  to  the  stoaatal  opening  with  light. 

Transpiration  stream  calculations  commence  with  the  calculation  of  the 
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the  leaf  water  deficit,  based  on  the  transpiration  rate  and  water  uptake 
rate  of  the  previous  period.  Calculation  of  the  loaf  water  potential 
follows,  aftervhlch  the  leaf  resistance  can  then  b*  calculated.  The  soil 
water  potential  and  uptake  rates  are  calculated  after  the  leaf  resistance. 
Transpiration  is  solved  for  iteratively  as  the  leaf  temperature  is  being 
calculated.  Total  water  loss  by  the  canopy  ia  calculated  in  a  manner 

e 

Identical  to  the  calculation  of  net  photosynthesis  in  equation  (10). 

VI.  CLIMATIC  INPUT  DATA 

The  CANOPY  simulations  used  climate  data  for  the  me  of  February 
end  May  as  input  data.  These  two  months  were  chosen  as  they  represent  ex¬ 
tremes  in  climate  condit  jna.  February  ia  the  driest  and  one  of  the  aunnieat 
months  of  the  year,  whereas  May  la  one  of  the  warmest  and  cloudiest  months 
(Tables  1.  2). 

If  the  environment  is  too  harsh  for  mangrove  seedling  survival,  then 
through  the  simulation  of  the  primary  production  processes  on  these  extreme 
months  Insight  into  the  potential  reforestation  problems  may  be  gained.  Our 
interest  is  in  testing  conditions  which  might  be  straining  the  system,  not 
conditions  undervhich  the  system  will  easily  survive.  Accordingly,  four 
Input  days  were  used  in  CANOPY  simulations.  These  were  an  average  February 
day  (^50  ly),  an  extreme  sunny  February  day  (600  ly),  the  average  May  day 
(350  ly),  and  a  sunny  May  day  (500  ly)  in  which  the  maximum  monthly  temperature 
was  reached.  .  . ■  - 

The  probabilities  of  having  the  sunny  February  day  or  having  the  sunny 
May  day  ere  not  known,  because  wa  do  not  have  daily  temperature  records  for  the 
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r;u.  By  comparison  though  with  climate*  of  other  areas  we  put  forth  the 
possibility  that  the  chances  of  having  these  extreme  days  could  be  between 
0.25  sad  0.10. 


RESULTS  AMO  DISCUSSION 


Canopy  Simulation 

A  series  of  simulations  wore  run  using  the  four  cliaite  days  previously 


described.  Additionally,  two  different  photosynthesis  temperature  response 
curves  (Table  2)  and  three  different  substrate  salinities  were  simulated. 

TVo  different  photosynthesis  temperature  response  curves  were  used  as  the  tempera¬ 
ture  adaptations  of  the  Viet  Nam  mangroves  wire  not  known,  mi  temperature 


response  curve  for  the  lower  optimum  temperature  has  been  measured  on 
Ihltophora  mangle  in  south  Florida  (Moors  et  al. ,  1972;  Moors,  unpublished  data). 

The  temperature  response  curve  with  the  higher  optimum  temperature  waa  uaad  ae  it  may 
be  e  more  reaaonable  adaptation  by  mangroves  to  the  warmer  end  more  stable 
climate  of  Viet  Mem.  These  results  provide  e  complete  matrix  for  compara¬ 
tive  purposes  to  different  locations  along  the  salinity  gradient  of  the  Rung 

•  » 

Set  Delta  eras. 


The  soil  characteristics  and  properties  used  in  the  simulations  were 

that  of  e  day  soil.  Zlnke  (1972)  after  visiting  the  Rung  Sat  area  describes 

V  1 

the  soil  as  being  e  silty,  clay  soil.  There  is  c  email  difference  in  the  two 
soils,  but  because  the  physical  properties  relating  to  the  clay  soil  were  the 
only  ones  available  at  the  time  of  the  simulations,  they  vers  the  ones  used. 
In  the  current  simulations ,  It  ms  also  assumed  that  the  soil  surface  was 
saturated,  but  not  inundated.  In  essence,  this  la  saying  that  the  toil  water 
potential  is  equal  to  the  solute  water  potential  of  the  incoming  tide. 

The  leaf  area  index  for  these  simulations  was  0.45  which  roughly  corres- 
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peada  to  a  seedling  density  of  40  individuals  per  square  meter.  This  assumes 
that  each  seedling  has  four  leaves,  and  that  each  leaf  is  approximately  30 
cm2  in  area  (Table  4).  This  leaf  area  lj  used  only  for  purposes  of  convenience 
in  the  aimulations.  In  actuality,  the  appropriate  leaf  area  would  be  less 
than  0.45.  The  sain  idea  to  remember  is  that  in  small  sparse  canopies,  such 
as  propagule  canopies,  the  principle  interactions  are  between  the  climate 
and  the  leaf,  not  between  leaves.  The  use  of  a  canopy  with  a  leaf  area  in¬ 
dex  of  0.45  is  small  enough  that  interactions  between  leaves  are  still  small. 

The  effect  of  herbicides  in  these  simulations  is  assumed  to  be  2ero. 

This  was  dona  partly  for  simplification  of  the  model,  but  mostly  because  re¬ 
sidual  concentrations,  if  any,  and  decomposition  rates  were  not  known. 

Tha  first  simulation  results  are  estimates  of  productivity,  transpiration, 
and  the  internal  physiological  response  to  the  four  microclimate  days.  Coe- 
„  paring  the  February  sunny  day  with  the  average  February  day  (Figures  2-5), 
it  appears  that  net  photosynthesis  on  average  days  is  three  times  higher  than 
on  sunny  days  (0.232  g  O.M.m  2day*'1  va.  0.706  g  O.M.  m  2day  1  at  a  sali¬ 
nity  of  12 a, ) .  From  Figure  5  it  can  be  seen  that  the  reason  for  this  drop 
in  production  is  that  the  leaf  temperatures  on  the  sunny  day  are  much  higher. 
Transpiration  is  much  higher  on  the  sunny  day  as  expected,  but  transpiration 
does  not  drop  off  as  steeply  when  the  salinity  is  increased  on  the  sunny  day 
as  it  dees  on  the  shady  day.  This  suggests  that  cn  sunny  days  the  role  of 
solar  radiation  intensity  is  sore  important  than  that  of  substrate  salinity. 
Mangroves  on  the  sunny  February  day  are  under  more  water  stress  (Figure  4) 
and  this  in  part  is  reflected  in  the  higher  leaf  temperatures.  Net  photo¬ 
synthesis  appears  to  be  almost  constant  with  increasing  salinity  on  both 
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Legend  to  Figures  2, 3, 4, 5 

O  average  Febniary  day 
•  euany  February  day 
A  average  May  day 
▲  atony  Kay  day 

L  literature  photosynthesis  temperature  response  curve 
B  hypothetical  photosynthesis  temperature  response  curve 


igure  i  Daily  transpiration  totals  for 
the  microclimate  days  as  a  function  of  salinity 


SALINITY,  ppt 


SALINITY,  ppt 
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February  days.  There  is,  however,  a  slight  peak  la  production  at  a  salinity 
c f  twenty  parts  per  thousand. 

A  comparison  of  the  sunny  May  day  and  the  average  May  day  show3 

similar  trends.  The  discrepancy  in  production  haa  increased  so  that  on 

the  average  day  the  net  production  is  five  times  greater  than  on  the  3unny 

day  (0.098  g  O.M.  a  day"1  vs.  0.542  g  O.M.  a  day  at  a  salinity  of  122.). 

Tha  difference  is  decreased  when  the  hypothetical  photosynthesis  temperature 

response  curve  is  used.  By  simply  shifting  the  photosynthesis  temperature 

response  curve  to  the  right  throe  degrees  C,  we  have  lowered  the  difference 

—2  "-I  —2  —l 

down  to  a  factor  of  two  (0.679  g  O.M.  a  day  vs.  1.065  g  O.M.  ta  day 

-2  --■* 

at  12  Z«).  0.5  g  O.M.  m  day  ~  is  gained  by  shifting  the  response  curve 

because  leaf  temperatures  are  to  the  right  of  the  optimum  temperature  and 
in  a  sene  when  production  is  sensitive  to  leaf  temperature.  Transpiration 
on  tha  sunny  May  day  compares  well  with  transpiration  of  the  sunny  February  day 
(Figures  2).  However,  transpiration  on  the  average  May  day  is  much  lower  . 
than  any  of  tha  other  days  because  the  leaf  temperatures  were  not  abnormally 
high  and  the  air  vapor  density  was  high,  meaning  that  the  vapor  density  gra¬ 
dient  between  leaf  and  air  was  low.  Minimus  leaf  water  potentials  exhibit 
similar  trends  (Figure  4).  The  highest  minimum  leaf  water  jMstentiel  and  the 
lowest  transpiration- were  on  the  average  May  day, -  This  ia  because  the  vapor 
density  gradient  is  lowest  than. 

Wetsr  stress  can  exist  during  either  month.  It  can  occur  In  February, 
because  of  the  higher  radiation  loads  ana  the  drier  air.  It  can  occur 
ia  May  because  of  the  potential  for  high  leaf  temperatures. 

Tha  possibility  of  high  leaf  temperatures  is  interesting  for  several 
reasons.  First,  high  leaf  temperatures  place  a  stress  on  tha  physiological 
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processes  of  photosynthesis  and  transpiration.  Secondly,  high  leaf  tempera¬ 
tures  pose  a  threat  when  temperatures  approach  or  exceed  the  lethal  limit  of 
the  plant.  Just  exactly  what  the  lethal  limit  is  we  do  not  know.  One  would 
suspect  that  the  lethal  temperature  is  close  to  the  maximum  temperature  of 
positive  net  photosynthesis.  Once  this  temperature  is  passed  the  respiration 
tste  is  very  high  and  the  breakdown  of  enayme  systems  is  occurring.  Miller 
(1972c)  has  limite<*  data  showing  that  seedling  mortality  in  PJhl2ophora  mangle  from 

south  Florida  starts  when  the  temperature  exceeds  36*C. 

If  high  temperatures  are  not  immediately  lethal,  then  there  still  exists 
tha  possibility  that  some  physiological  functions  in  the  developing  propagule 
may  have  been  impaired  and  that  death  may  occur  in  later  development.  The 
immediate  effects  though  of  high  leaf  temperatures  other  than  death  are  water 
stress  through  excessive  transpiration  and  a  decrease  in  the  net  photosynthe¬ 
tic  rat a.  Following  the  dally  course  of  leaf  resistance,  leaf  water  poten¬ 
tial,  leaf  temperature,  and  the  photosyathetic  rate  for  each  of  the  four  days 
% 

will  pemlt  ua  to  observe  how  dose  to  a  stress  condition  tha  leaf  is.  Fi~ 

.  gurcs  6-9  show  these  physiological  responses  for  the  four  climate  days  at 
a  substrate  salinity  of  thirty  parts  per  thousand.  The  photosynthesis- tem¬ 
perature  response  curve  used  is  the  one  measured  by  Moore,  et  al.  (1972) 
for  Rhl2Qphora  mangle.  Across  each  graph  a  dashed  line  for  a  leaf  tem¬ 
perature  equal  to  thirty-six  degrees  is  drawn.  This  corresponds  to  the 
potential  lethal  leaf  temperature. 

Potential  lethal  temperatures  are  reached  for  four  hours  on  the  May  sunny 
climate  and  for  ons  hour  in  the  February  sunny  climate.  No  lethal  temperatures 
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appear  to  be  reached  oa  the  average  climate  da ys.  Excessive  water  stress 
reflected  In  stomatal  closure  hardly  occurs  on  the  Hay  sunny  day. 

TSa  input  parameters  used  nay  be  underestimated  here,  and  in  reality,  water 
atrssa  say  be  wore  prevalent  than  tin  model  would  predict. 

The  aodel  predicts  about  a  7-10  bar  gradient  between  soil  and  leaf 
watar  potentials.  As  the  soil  continues  to  dry  this  gradient  will  increase, 
placing  the  propagule  under  additional  water  stress.  The  frequency  of  in¬ 
undation  will  then  play  an  important  role  in  the  mangrove  propagule  water 
relations.  As  the  soil  is  a  clay,  infiltration  will  be  slow  and  the  soil 
will  achieve  a  low  water  potential  at  volumetric  contents  as  high  as  2CZ. 

Soil  Moisture 

These  points  suggest  that  perhaps  the  soil  may  be  limiting  the  revege- 
Cation  rate.  It  say  be  possible  that  the  soil  is  drying  out  so  fast  that 
props gules  ara  either  enable  to  establish  themselves  or  that  the  soil  mois¬ 
ture  evaporates  before  the  propagtsles  can  utilise  it,  because  of  the  ra¬ 
diation  load  on  the  soil  surface.  Simulations  vers  performed  to  follow 
the  water  content  change  for  the  open  soil  surface  for  each  of  the  four 
days.  These  simulations  were  done  using  thras  initial  soil  water  contents 
{volume  HjO/volvaas  soil) .  These  wera  302  ,  202,  and  152.  These  correspond 
to  -9,  and  -16  bora  soil  water  potential  respectively.  Tha  water'  content 

i  j  « 

after  .  twenty-four  hour  period  is  noted  and  a  percentage  change  ia  calculated 
(Zable  6). 

Tbs  results  indicate  that  the  water  content  drops  of?  quickly  from 
the  saturated  state.  By  the  time  tha  watsr  content  reaches  202,  the  rata 
of  water  loss  has  become  small.  At  a  water  content  of  152,  water  loss 
during  a  twenty-four  hour  period  is  neglitla.  This  water  content  has 
a  water  potential  of  -16  bars.  Additionally,  we  most  add  to  this  the 
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1  Table  6,  Estimates  of  the  rate  at  which  the  soil  surface  is 

f  drying  out  under  open  sky  conditions  and  at  different 

|  water  contento  f or  the  three  test  days.  Water  content 

j  la  In  voluae/vcluna. 


Climate  type  Initial  water  content  water  content 

at  the  beginning  of  the  day  after  24  hours 


percent  chang 
in  one  day 


February  sunny 

0.300 

0.276 

s;oz 

0.200 

0,129 

0.52 

0.150 

0.150 

0.02 

Kay  average 

0.300 

-  0.274 

8.72 

0.200 

0.193 

0.72 

0.150 

01150 

0.02 

Bay  aunay 

0.300 

0.274 

8.72 

0.200 

0.198 

0.72 

0.150 

0.150 

0.02 

February  average 

0.300 

0.277 

7.92 

0.200 

0.199 

0.52 

0.150 

0.150 

0.02 
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solute  water  potential  of  the  aalt  from  sea  water.  This  total  would  put 
the  plane  under  in  high  water  stress  condition.  By  adding  the  solute 
water  potential,  the  plant  nay  become  under  stress  at  water  contents  be¬ 
tween  302  and  202.  The  time  to  go  froa  saturation  down  to  a  water  con¬ 
tent  of  202  has  not  been  calculated  aa  it  is  also  dependent  on  the 
drainage  patterns. 

■  ♦“>  *»■  ■  **  **  * 

Soil  Temperature 

« 

The  temperature  at  the  soil  surface  la  also  of  interest.  It  will 
be  hotter  in  the  day  than  if  there  waa  a  canopy  there,  and  colder  at  night. 
Just  how  such  hotter  during  the  day  aay  be  important.  Simulations  of  the 
ground  surface  temperatures  for  bare  soil  and  for  an  immature  canopy  of  LAI 
1.5  were  made  for  the  four  climate  days.  The  immature  canopy  Is  to  serve 
as  a  contrast  to  the  bare  soil.  The  bare  soil  temperature  is  indicative 
of  the  temperature  of  a  propagula  lying  flat  on  the  surface  of  the  soil. 

It  is  aamsned  that  the  propagula  would  be  at  or  at  least  vary  close  to 
the  temperature  of  the  bar®  soil.  The  bare  soil  in  the  simulations  Is 
assumed  to  be  saturated ,  but  with  no  standing  water. 

Jigurss  10-13  show  that  the  surface  temperatures  can  vary  by  only  as 
ouch  as  three  degrees  between  bare  and  covered  soil.  The  chances  of  the 
soil  approaching  a  lethal  temperature  appear  to  be  quite  snail.  The  highest 
temperature  reached  is  33.2  *C  (HC0,  Kay  sunny),  but  temperatures  are  usually 
closer  to  30*C.  Bare  soil  surface  temperatures  appear  not  to  be  a  deterrent 
to  props guia  invasion  and  establishment. 

Redevelopment  appears  to  be  influenced  by  the  rats  of  desiccation  of 
the  soil.  Channelization  and  a  modification  of  the  soil  through  exposure 
my  be  amplifying  this  effect.  lotentlal  lethal  tempera tur as  and  water 
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Pigurs  13  The  dally  course  Of  ground  surface  temperatures  on  the  May  sunny  day 
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•tresa  conditions  in  leaves  may  exi3t  for  several  hours  on  a  number  of  days 
of  the  month  in  February  and  in  l-ay.  It  is  «.l*.o  possible  that  these  same 
•treas  conditions  may  be  reached  in  other  months  of  the  year,  although  possibly 
to  a  lesser  extent. 

0 

The  l*cic  of  physiological  data  from  Viet  Nam  detracts  from  the  re¬ 
liability  of  the  model  predictions.  Actual  estimates  of  parameters  are  ex¬ 
pected  to.be  different  from  those  used  in  the  simulations,  but  by  the  use  of 
parameters  from  members  of  the  same  genus,  it  is  thought  that  the  values  used 
viXl  bo  closet  to  the  actual  ones* 

The  critical  variable  influencing  the  system  appears  to  be  the  micro¬ 
climate,  The  success  of  reestablishment  hinges  on  the  stress  placed  on  the 
propagule  by  the  radiation  load,  the  leaf-air  vapor  density  gradient,  and 

the  rate  of  soil  desiccation.  ) 

’  .  *  *  .  > 
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a  he  long  tern  simulnticn  of  red  mangroves. 


Currently  in  Viet  Nam  much  of  what  used  to  be  mangrove  forests  is  now 
barren  as  a  result  of  defoliation.  Furthermore,  reforestation  appears  to 
ba  impaired  in  some  way.  The  following  mathematical  simulation  is  being 
used  to  determine  possible  long  term  causes.  The  two  hypotheses  being  tested 
era:  (1)  the  slow  ima.-gration  of  propagules  retards  reforestation  and  (2) 
the  growth  of  propagules  and  seedlings  is  arrested  os  a  result  of  increased 
temperature  and  salinity  resulting  from  the  initial  defoliation.  The  red  ' 
mangrove  forest,  Rhlroohora  mangle  L. .  of  the  Sun g  Sat  Delta  was  being 
modeled,  figure  14  is  a  simplified  flow  chart  of  the  mr/dal.  The  description 
of  the  model  will  follow  the  order  of  the  state  variables  in  the  figure  as 
numbered  with  the  description  of  the  driving  variable  preceding. 

Model  Description 

I<  Macrocliaats 

Tbs  driving  variables  in  the  model  are  solar  radiation,  temperature, 
precipitation  and  salinity.  Mean  monthly  data  were  used  to  approximate 
mean  dally  values  by  means  of  a  linear  interpolation  between  two  adjacent  . 
monthly  means.  A  standard  year  is  used  throughout  the  simulation  (see 
Table  7.),  Mean  monthly  temperature  end  total  monthly  precipitation  were 
taken  from  Van  Cuong  (1984) .  Mean  monthly  total  solar  radiation  was  taken 
frew  summaries  (Dept,  of  Commerce  1968)  from  the  Saigi-j  area.  Mean  monthly 
ambient  salinities  from  a  Florida  brack! sh  watar  mangrove  swamp  were  used 
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to  approximate  the  daily  values  (Eric  Heald,  1971).  The  salinity  curve 
coincided  with  the  solar  radiation  curve.  Assuming  a  relationship  between 
aolar  radiation  and  evaporation,  the  Florida  salinities  are  used  as  an 
approximation  to  the  Sung  Sat  Delta. 

II.  Propagules 

The  propagules  are  initiated  through  adult  dropping  and  immigration  from 
peripheral  areas  (Figure  15).  The  fruits  ripen  and  fall  from  May  to  September. 
Ninety  percent  of  the  fruits  produced  stay  next  to  the  parent  tree.  Approxi- 
aately  ten  percent  of  the  indigenous  propagules  are  assumed  to  be  invading 
new  areas.  Propaguie  mortality  is  a  function  of  varying  temperature  and 
•alinity.  The  mathematical  function  describing  mortality  due  to  temperature 
is  a  linear  decrease  from  sixty-seven  percent  mortality  at  36 *C  to  2ero 
mortality  at  30*C: 

Mj.  -  (30  -  Ta)  (0.67/5)  <x> 

where  K,  is  mortality  dua  to  T^,  the  air  temperature.  The  mortality  due  to 
salinity  was  approximated  after  Stem  and  Voigt  (1959)  where  mortality 
increased  from  -thirteen  percent  in  sea  water  to  forty-seven  percent  in  tap 
water  as  follows: 

Mg  -  (1  -  S/45)  (.5)  (2) 

where  Mg  is  the  mortality  due  to  salinity  S  which  is  in  parts  per  thousand. 

All  the  dead  propagules  are  tramsfere'd  directly  to  detritus. 

Living  propagules  all  germinate  and  grow  leaves,  stems,  and  roots  with 
a  rats  or  growth  as  follows: 


dG/dt  “  kG(GEsax  -  G)  (Salisbury  and  Ross,  1969) 


(3) 
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where  dG/dt  la  the  rate  of  growth,  k  ie  a  tins  constant  relating  to  the 
length  of  tins  taken  to  reach  Coax  which  Is  the  optimum  biomass  of  the 
leaves,  sterna,  or  roots  prior  to  the  transfer  to  seedlings.  G  is  the 
current  biomass  of  the  leaf,  stem  or  root  part  in  question.  As  a  propagule 
only  stored  energy  is  used  for  growth.  Optimum  leaf,  stem  and  root  biomasses 
vers  calculated  by  taking  the  calorie  values  for  propagules,  leaves,  stems, 
and  roots  (4. 53,  4.18,  4.34,  and  4.03  kcal  par  gram  dry  weight  after  Golley, 

m 

1969),  converting  to  kilocalories  per  gram  wet  weight  using  a  0.4  dry  to  wet 
weight  conversion  factor,  then  dividing  the  propagule  energy  content  by 
the  weighted  plant  energy  content  assuming  0.22,  0.83,  and  0.15  for  leaf, 

•tea,  and  root  fractions  respectively.  This  yields  an  estimate  of  propagule 
energy  content  after  distribution  according  to  seedling  wet  energy  contents: 
la.  the  propagule  will  grow  to  2.4  times  its  dormant  biomass  before  needing 
outside  energy  input.  After  taking  2.4  times  the  propagule  wet  weight  and 
subtracting  expected  respiration  losses,  we  can  estimate  the  leaf,  stem, 
and  root  biomasses  as  22,  63  and  15  percent  respectively  of  the  remainder. 

Once  the  optimum  leaf,  stem  and  root  biomasses  are  attained  the  propagules 
•r®  transjfered  to  the  seedling  category. 

Ill.  Seedlings  and  Adults 

Ones  a  propagule  has  attained  the  seedling  leaf-stea-roct  ratio,  the 
growth  aches®  given  in  Figure  16  is  followed.  The  life  pattern  in  seedlings 
la  assumed  to  be  exactly  the  same  as  that  of  an  adult  therefore  the  same 
flow  chart  and  subroutine  are  used  with  different  initiating  parameters. 

First  solar  energy  enters  the  canopy  and  fifty  percent  is  absorbed  by  the  leaf 
material.  Hat  photosynthesis  is  calculated  after  Gaastra  (1963)  as  follows: 


Sola 
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Pa  -  ([C02]a  -  [C02]A  /  (1.56rt  +  +_0  (4) 

where  Pn  is  the  net  photosynthesis  for  LAI  equal  to  1.0,  [CO,]  and 

are  the  carbon  dioxide  concentrations  of  the  air  and  leaves,  r^  is 

the  leaf  resistance  to  water  loss,  1.56  is  the  ratio  of  the  diffusion 

coefficients  of  carbon  dioxide  and  water  vapor,  is  the  laminar  boundary 

layer  resistance  and  r  is  the  tnesophyll  resistance  to  carbon  dioxide  exchange. 

q  • 


The  leaf  resistance  to  water  loss  is  calculated  using: 


.16, 


x%  -  (0.5  -  (0.0245)  (WD  x  SA)  +  (C  x  WD  x  SA)  )/(l.  +  (16  x  SA)) 

(Miller  and  Ehlringer,  1972)  (5) 


where  WD  is  the  water  deficit,  SA  ia  solar  absorbed,  and  C  is  a  constant. 

The  net  photosynthesis  1s  then  multiplied  times  the  leaf  area  index  then  stem 
and  root  respiration  is  subtracted.  The  Gaastra  equation  takes  into  account 
leaf  respiration  so  only  stem  and  root  respirations  are  subtracted  from  the 
net  photosynthesis.  Eespiration  is  calculated  using  the  Q1q  equation: 

0.1(T  -  T  ) 


*  "  Vio 


(6) 


where  Sq  and  Tq  are  reference  respiration  rate  and  temperature,  respectively. 
Daily  respiration  was  estimated  directly  from  equation  (6)  where  as  daily 
net  photosynthesis  was  a  linear  approximation  from  the  instantaneous  solar 
noon  rate. 

The  light  entering  the  canopy  was  extinguished  exponentially: 


v 

SA  •  SAa 

where  F  is  the  leaf  area  index,  and  k^  is  the  extinction  coefficient 
which  is  calculated  as  follows: 


(7) 


-  cos  (I) 


(Duncan,  et  al.,  1967) 


(8) 
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where  I  la  the  leaf  inclination  from  horizontal.  Dynamic  strata  were  used  to 
correct  for  reduced  photosynthesis  with  the  extinction  of  light  through  the 
canopy.  It  has  been  noted  that  the  leaf  angle  used  in  equation  (8)  decreases 
from  the  top  to  the  bottom  in  an  adult  canopy  (Miller,  1972).  Miller  (1972) 
has  also  measured  the  leaf  areas  for  various  mangrove  canopy  strata  and  given 
a  typical  tree  distribution  for  both  leaf  inclination  and  leaf  area.  Civen 
the  typical  leaf  area  and  leaf  angle  distribution  for  adult  trees  one  can 
distribute  a  total  leaf  area  index  accordingly  yielding  a  corresponding 
reduction  of  light  for  lower  levels  in  the  canopy.  This  process  limits 
the  size  of  the  canopy  in  the  following  way.  In  the  model  if  a  stratum  has 
*  negative  production,  respiration  exceeds  photosynthesis  for  the  stratum,  then 
the  stratum  leaf  biomass  is  reduced  accordingly,  also  the  stratum  does  not 
reciove  new  material  for  growth.  The  lower  levels  are  then  reduced  as  the 
leaf  area  index  exceeds  the  value  at  which  all  strata  sustain  zero  to  positive 
production.  This  yields  an  optimum  leaf  area  index  and  maximum  tree  size  . 
which  maximizes  production.  -  • 

Once  daily  photosynthesis  is  calculated  it  is  reduced  according  to  the 
temperature  function  described  in  the  accompanying  paper.  Zero  efficiency 
occurs  at  25®C  with,  a  linear  decrease  from  25aC  to  15*C  and  25°C  to  35*C 
such  that  at  15  °C  or  lower  or  35*C  or  higher  photosynthesis  does  not  occur. 

Assimilation  ia  then  tbs  difference  between  respiration  and  net  photo¬ 
synthesis.  If  the  daily  assimilation  is  negative,  leaf  material  is  lost 
at  a  rate  of  ewica  the  negative  assimilation  assuming  fifty  percent 
efficiency  in  the  resorption.  Fifty  percent  of  the  retracted  leaf  material 
goes  to  aaintainenca  of  the  plant  while  fifty  percent  it  transferad  to 
detritus.  If  net  photosynthesis  ia  positive  then  it  is  allocated  as  follows: 


rt  -  2^)  -cf4 


where  P^  Is  the  fraction  allocated  to  the  plant  part,  0F^  ia  the  optimum 

fK  ■  t 

fraction  of  the  i  plant  part  and  CF.  is  the  current  fraction  of  plant 

1  \ 

material  residing  in  the  iC  plant  part.  OF  values  for  leaves,  stems,  and 
roots  are  0.085,  0.610,  and  0.310  for  adults  and  0.22,  0.63,  and  0.15  for 
seedlings. 

m 

The  seedling  to  adult  transfer  occurs  at  7.2  grams  of  leaf  material 
per. plant.  When  this  arbitrary  leaf  biomass  ia  reached  the  seedling  is 
then  considered  an  adult.  This  weight  standard  corresponds  to  the  weight 
pf  four  mature  leLves.  . 


IV.  Fruit  Production 

The  frc*  *  production  scheme  was  designed  from  qualitative  descriptions 
of  red  mangroves,  on  the  Rung  Sat  Delta.  Fruiting  begins  in  March  with  peak 
production  from  May  to  July  with  a  steady  decrease  from  July  to  August. 
Fruit  production  ceases  in  August.  These  observations  wsra  incorporated  in 

I 

the  model  as  a  discontinuous  function  as  follows : 


March  to  May  F^  «  (D/30)  x  0.5  MS 
May  to  July  F^  »  MS 


July  to  August  Fj  ■  MS  -  D/30  ,  (12) 

where  is  the  fraction  of  leaf  material  available  for  growth  allocated  to 
fruit  production,  D  ia  the  currant  day  of  tbs  month  and  MS  is  the  maximum 
fraction  of  net  production  allocated  to  fruit  production.  From  January  to 
March  and  from  August  to  December  ?.  is  set  to  zarjo.  The  MS  value  was 
arbitrarily  set  to  fifty  percent  of  leaf  material  available  for  growth. 
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V.  Detritus,  Nutrients,  and  Herbicide 


All  dead  material  is  added  to  detritus  which  is  undergoing  a  tidal 
exportation  of  87.4  percent  (Golley  et  al.  19C7)  and  exponential  decay: 


D  . 


(13) 


where  D  is  the  current  weight  in  grams  of  detritus,  d  is  the  initial  weight 
in  grams  of  detritus,  t  is  time  lapse  from  initiation  in  days,  and  k^ 
is  6.7  x  10  3  which  is  the  decay  constant  associated  with  forty-five  percent 
decomposition  in  two  months  (meetings  on  mangrove  ecology,  7972). 

A  fraction  of  decomposed  detritus  is  then  allocated  to  nutrients  and 
herbicide  in  aolution.  Thirty- f  percent  of  decomposed  detritus  is 
assumed  to  be  nutrients  with  0.05  percent  being  assumed  herbicide  if  the 
plant  death  la  a  result  of  herbicide  introduction.  Nutrients  and  herbicide 
in  solution  then  undergo  exponential  decay  as  follows: 


a 


V- 


*  ne 


(14) 


(15) 


where  N  is  the  current  nutrient  concentration,  n  is  the  initial  nutrient 

concentration,  is  the  decay  constant  relating  decay  exponentially  to 

time,  H  is  the  current  herbicide  concentration,  h  is  the  initial  herbicide 

concentration,  and  is  the  decay  constant  relating  decay  exponentially  to 

time.  It  is  assumed  that  87.4  percent  of  the  nutrients  and  herbicide  in 

solution  is  exported  with  tidal  inundation  periodically. 

'  '  -  '  '  .  -  . . .  ...  ..  3 

If  the  herbicide  concentration  is  above  10  lbs  per  sere  or  11.2  x  10 

gr.  per  hectare  defoliation  occurs  and  all  the  leaf  material  is  transferal 

to  detritus. (pastings  on  mangrove  ecology,  1972). 
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Evaluation  of  Data  Base  and  Estimation  of  Parameters 

There,  are. few. data  available  regarding  propagule  and  needling 
growth.  To  determine  an  estimate  of  the  leaf-stem-root  fractions  for 
seedlings  two  submodels  were  proposed  using  (1)  the  typical  adult 
leaf-stam-rcot  fraction  indicated  by  Colley  at  al.  (1962)  and  (2)  a 
linear  projection  of  the  Colley  data  to  approximate  seedling  leaf-stem-root 
fractions.  If  the  plant  part  biomasses  for  leaves,  stems,  and  roots  are 
reduced  to  fraction  of  the  total  biomass  and  plotted  versus  the  diameter 
at  breast  height  clear  trends  are  indicated  for  leaves  and  roots.  Projecting 
these  trends  to  sere  diameter  at  breast  height  yields  0.22  and  0.15  for  leaf 
and  root  fractions.  This  procedure  was  done  by  hand  and  the  leaf  and  root 
fraction  appear  to  be  a  curvilinear  function  of  disaster  at  breast  height 
so  the  indicated  values  are  crude  estimates.  With  0.22  for  the  leaf 
fraction  and  0.15  for  the  root  fraction  we  have  0.63  for  t&a  atom  fraction. 
Submodel  (1)  resulted  in  a  quick  elimination  of  seedlings  under  a  leaf  area 
index  of  1.0  and  3.0,  and  zero  maturation  to  the  adult  categories  undur  a 
leaf  arcs  index  of  aero.  Submodel  (2)  indicated  four  year  survival  under 
a  leaf  area  index  of  1.0  and  maturation  to  the  adult  category  in  three  yearn 
under  a  leaf  area  index  of  zero. 

In  determining  the  root  fractions  an  approximation  was  used  correcting 
the  Puerto  Rican  data  (Colley  st  al,, 1962)  for  subsurface  roots.  Snedseksr 

and  Lugo  (1972)  indicated  subsurf aca  roots  as  thirty-six  percent  of  tha 

* 

prop-root- subsurface  root  subtotal.  All  of  tha  prop-root  biomasses 
indicated  by  Galley  ware  then  divided  by  0.63  to  include  an  estimate  of  the 
addition  due  to  subsurface  roots. 

Correcting  tha  leaf-stes-root  fractions  indicated  by  Colley  &£.  .al.  (1962) 
at  2.3  cm.  diameter  at  breast  height  we  have  adult  fractions  of  0.085,  0.610, 


and  0.305  foe  leaves,  stems,  and  roots  respectively.  These  values  were  used 
to  characterise  the  typical  adult  plant  in  the  model. 

Two  fruiting  submodels  were  proposed:  (1)  a  fraction  of  the  assimilation 
allocated  to  leaf  production  was  used  for  fruit  production,  and  (2)  a 
fraction  of  the  total  assimilation  was  used  for  fruit  production.  With  submodel 
(2)  fruits  averaged  ten  percent  at  maturation  of  the  total  adult  biomass. 
Submodel  (1)  indicated  fruits  between  1.5  and  3.1  percent  at  maturation  of  the 
total  adult  biomass.  Snedacker  and  Lugo  (1972)  found  between  0.0  and  4.1 
percent  residing  fruits  in  their  studies  of  red  mangroves. 

To  determine  seedling  density  for  estimating  the  leaf  biomass  per  plant 
the  above  ground  dry  weight  at  the  end  of  five  months  growth  was  divided  by 
1.77  grams  which.  Is  the  above  ground  dry  weight  of  five  month  old  seedlings 
as  indicated  by  Stem  and  Voight  (,1959).  With  an  immigration  of  3.0  grams  of 
prcpagule  e  year  this  yields  a  first  year  density  of  1.1  seedlings  per  meter 
squared.  Typical  assimilation  data  for  this  density  are  given  in  Table  8. 

Results 

The  effects  due  to  tsmparatura  are  demonstrated  in  Figure  17.  Three 
twenty  year  simulations  vara  mada  with  (1)  normal  temperatures,  (2)  half 
degree  above  normal  temperatures  and  (3)  a  full  degree  above  normal  temper¬ 
atures.  Simulation  (2)  and  (3)  showed  eighteen  and. forty-eight  percent- 
decreases  in  biomass  below  the  biomass  of  simulation  (1) . 

The  effects  due  to  salinity  wars  less  dramatic.  Three  twenty  year 
simulations  were  made  using  (1)  the  normal  salinities  for  brackish  water, 

(2)  one  part  per  thousand  above  normal  salinities  for  brackish  water  and  (3) 
two  parts  per  thousand  above  normal  salinities  for  brackish  water.  There  was 
less  than  one  percent  variation  in  total  biomass  between  the  three  simulations. 
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Table  8.  Net  photosyn thesis ,  total  respiration  and  plant  ms ini la pi on  in  grams 
organic  matter  per  meter  squared  per  day  are  given  for  various  growth 
**  stage?  with  no  overhead  lighc  extinction  for  seedlings  of  density  1.1 

aad'adults  of  variable  dens  f  tit:*. 


Months  After 
defoliation 

Leaf 

Biomass 

Photosynthesis 

Respiration 

As^imiJnCio' 

5  Boat ha 

1.2 

0.021 

0.004 

0.0'.' 

1/  months 

3.6 

0.066 

a  012 

Q  054 

29  months 

10.3 

0.187 

0.034 

0152 

Yeafs  After 
Defoliation 

5  years 

19.1 

0.334 

0.104 

0.230 

7  yearn 

39.6 

0,675 

0.315 

0.359 

9  years 

51.3 

0.856 

0.554 

0.301 

11  years 

78.8 

1.220 

Q790 

0.430 
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Variations  of  reforestation  due  to  varying  immigration  are  shown 
in  Figure  18.  Three  twenty  year  simulations  were  made  using  immigration 
rates  of  (1)  1.0  grams,  (2)  2.0  grams  and  (3)  3.0  grams  of  propagule  per 
meter  squared  per  year.  Simulations  (1)  and  (2)  showed  twelve  aad^nine 
percent  decreases  in  biomass  belov  the  biomass  of  simulation  (3). 

Conclusion 

» 

The  effects  due  to  increased  salinity  appear  to  be  relatively  small. 

The  effects  of  temperature  play  a  major  role  in  reforestation.  The  barren 
nature  of  the  Sung  Sat  Delta  due  to  defoliation  and  wood  gathering  has 
increased  the  likelihood  of  temperatures  inhibitory  to  plant  growth. 
Inhibitory  temperatures  and  slow  immigration  are  the  major  sources  of 
inhibition  in  the  model  and  in  combination  probably  play  the  major  role  in 
reforestation  problems  on  the  Rung  Sat  Delta. 

The  most  critical  deficiency  is  the  lack  of  data  on  the  growth  habits 
of  propagules  and  seedlings.  The  natura  of  initial  rooting  and  the  role  of 
solar  radiation  in  activating  propagules  on  the  mud  are  unknown.  Data  are 
available  on  five  month  old  seedlings  and  adults  of  unknown  ages.  There  are 
data  concerning  adult  photosynthesis,  respiration,  canopy  structure 
and  root  structure  but  no  intermediate  points  for  seedlings  and  younger 
adults  which  would  serve  to  impr and  validate  the  model. 
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6.  Ordering  and  Disordering  in  South  Vietnam 


by  Energy  Calculation 


Mark  Brovm 


Studies  stimulated  by  a  contract  between  the  national  academy  of  Sciences 
and  the  Department  of  Environmental  Engineering  Sciences,  University  of 
Florida,  Gainesville,  for  "Models  of  Herbicide  and  War  in  Vietnam". 
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Central  to  under standing  the  relationship  of  countries  and  their  balance 
of  Man  and  Environments  are  the  flows  of  energy  that  maintain  order,  the 
disorder  created  in  the  normal  cycle  maintaining  order,  and  the  effects  of 
war.  This  paper  considers  order  and  disorder  relationships  in  South  Vietnam 
as  a  result  of  the  War  from  1960  to  1972,  An  investigation  of  effects  of 
herbicides  was  undertaken,  as  a  series  of  projects,  by  the  National  Academy 
of  Sciences.  This  paper  is  an  outgrowth  of  concepts  developed  while  formu¬ 
lating  a  model  of  main  energy  flows  in  Vietnam. 

The  investigation  of  the  ecological  and  physiological  effects  of  the 
defoliation  and  crop  destruction  programs  in  South  Vietnam  included  an 
evaluation  of  the  herbicide  agents  and  their  relationship  to  other  means  of 
disordering  and  the  combined  effects  of  disordering  activity  on  the  natural 
ecological  and  man-made  technological  systems  of  the  country.  While  it  is 
apparent  that  the  goals  of  the  defoliation  programs  were  to  reduce  the  ground 
cover  and  limit  the  ability  of  the  North  Vietnam  and  Viet  Cong  military  struc¬ 
ture  to  use  the  structure  of  the  natural  environment  to  their  advantage,  these 
goals  have  left  the  country  of  South  Vietnam  with  problems.  Large  amounts 
of  South  Vietnamese  lands  were  altered  and  moved  from  one  fora  of  land  use 
to  others,  resulting  in  measurable  changes  to  the  processes  of  the  country. 
Understanding  the  immediate  effects  of  such  a  program  and  the  long  range  effects 
and  interactions  may  require  an  overview  that  also  takes  into  account  time 
delays,  feedback  operations,  and  secondary  interactions.  One  technique  for 
overviewing  is  a  drawing  of  a  systems  diagram. 
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A  Model  of  Vietnam 

Figure  1  is  a  diagram  of  the  country  of  South  Vietnam  at  war.  It  shows 
the  compartments  and  flows  of  energy  and  materials  throughout  the  country. 

The  circles  to  the  left  represent  forcing  functions  or  the  Ordering  Energies 
available  to  South  Vietnam.  is  all  incoming  goods,  both  United  States 
aid  and  imported  goods  from  the  World  Market.  S7  is  all  money  sent  to  South 
Vietnam  in  the  form  of  aid;  and  Sg  is  all  the  natural  energies  (sun,  tides, 
wind,  rain,  etc.)  available  to  the  country.  The  circles  to  the  right  repre¬ 
sent  the  Disordering  Energies  that  are  forcing  functions  for  the  country  at 
war.  s7  1*  *11  the  energies  available  to  the  Viet  Cong  and  North  Vietnamese 
military  structure  to  make  war.  S3,S4,S5>  are  the  three  major  disordering 
energies  of  the  U.S.  and  South  Vietnam  military  structure. 

The  land  categories  (city,  agriculture,  forest  and  mangrove)  are  each 
separated  late  their  respective  components  (or  storages).  The  city  system 
has  within  it  land,  people,  goods,  and  a  storage  of  money.  The  natural  sys¬ 
tems  have  two  components  each:  land  and  structure.  The  land  storage  and 
the  forcing  function  interact  to  produce  structure.  ’ 

The  components  to  the  right  of  the  natural  systems,  those  of  craters, 
base  land,  bare  land,  and  dead  wood,  are  components  that  are  storing  the 
disordered  land  and  structure  as  it  is  transferred  from  one  land  use  category 
to  another  by  the  impact  of  the  disordering  energies. 

In  Fig.  1,  the  rate3  of  material  and  energy  flows,  and  the  quantities 
stored  in  each  of  the  components  of  the  country  have  been  calculated  for  the 
year  1965;  the  beginning  of  the  escalation  of  the  United  States  involvement 
in  Indochina  War.  (Calculations  and  sources  for  the  calculations  are  sum¬ 
marized  in  Appendix  A.)  Evaluation  of  the  flows  of  disordering  energies  gives 
perspective  to  their  effects  on  the  many  processes  of  the  country.  Consider 
the  quantities  of  land  and  structure  removed  from  each  of  the  land  use  cate- 
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gories  by  boobs  and  herbicides;  in  all  cases  herbicides  account  for  the 
greatest  disordering,  an  effect  that  reverses  through  the  course  of  the  six 
year  period  from  1965  to  1970. 

Another  method  of  understanding  the  effects  that  the  disordering  energies 
have  had  on  the  processes  of  the  country  is  to  calculate  the  disrupted  por¬ 
tions  of  the  energy  budget  of  South  Vietnam.  The  overall  effects  on  the 
energy  budget  are  summarized  in  Table  1.  Column  1  in  Table  1  shows  the  average 
energy  budget  (ordering  energies)  per  year  for  the  six  year  period,  1965-1970. 
column  two  shows  the  cumulative  budget  for  all  six  years.  Columns  three,  four, 
and  five  show  the  total  amounts  of  Disordered  Energy  due  to  each  of  the  dis-  j  : 

ordering  operations  of  Boobing,  Herbicides,  and  Rome  Plowing  as  best  they  can 
be  calculated.  Column  six  shows  the  percentage  of  the  energy  budget 
that  was  disrupted  for  each  of  the  various  subsystems  of  the  country. 

During  the  six  year  period  of  major  United  States  involvement  in  the  Indo¬ 
china  War  (1965-1970),  3, IX  of  the  total  energy  budget  of  South  Vietnam  was 
disrupted.  If  comparisons  can  be  drawn  between  the  man-made  world  as  various 
systems  and  the  natural  ecological  systems  of  the  biosphere,  then  a  disruption  e 

of  this  magnitude,  by  itself,  will  probably  have  little  effect  on  the  overall 
processes  of  ^he  country. 


170 


i 

I 

I 


t 

i 


I 


i 

i 


H 


5s 

tc  "O 

u  <u 

<u  u 

c  a) 

W  W  T3 

M 

w 

H 

M 

W 

>H: 

>h 

CS 

CM 

os 

sO 

m 

rH 

w  cc  o 

• 

• 

• 

• 

p* 

• 

o  T3  a 

CN 

ul 

r*. 

O 

vn 

<n 

3 

rH 

►<  «  a 

•o 

/-s  3 

CM 

O  u  o 

rH 

rH  C0  X 

o 

^  T3  >s  0. 

rH 

W  00 

m 

m 

o  n  w 

rH 

m 

vO 

«*■• 

rH 

»  «  s 

<a 

1 

• 

• 

• 

*ri  C  O 

o 

| 

rH 

o 

CM 

a  w  sas 

.* 

1 

sr 

'J 

13  D 

V  UJ 

pm 

^  U.  Q 

rH 

o>  <D  >-* 

C 

rH 

+ 

00 

D 

u  aoH 

Ov 

r- 

V* 

rH 

o 

O  M  03 

rH 

* 

• 

• 

• 

08  40  ffl 

53 

Hj* 

CD 

<yv 

vO 

OS 

c** 

D 

-h  q  w 

O 

cn 

PS 

ot3s 

r* 

rH 

rH 

m 

T3 

' 

<0 

CM 

r*s  U 

rH 

CO  to 

o 

13  >s 

rH 

* 

PS 

Vt 

U*1 

vO 

^  OC  D 

H 

m 

rH 

US 

CM 

cn 

o  w  jJ? 

rH 

• 

• 

• 

i  • 

Cr. 

• 

«a  €J  2u 

53 

ON 

HT 

rn 

CM 

c*\ 

*h  q  o 

<J 

CM 

o 

rH 

a  w  so 

ai 

cn 

Pi 

H 

<» 

«T3 

> 

o 

U 

Jd 

o 

o 

r-*.  4J 

ev 

o 

O 

o 

o 

• 

• 

^  u 

rH 

CM 

• 

• 

• 

• 

• 

CM 

o 

oc  5; 

1 

rH 

u3 

CM 

O 

vC 

co 

p»s 

3  %t  OCi /> 

o 

rH 

r*- 

D 

vO 

r-» 

CD 

D 

§  C  3 

VO 

rH 

rH 

sD 

D 

m 

rH 

m 

cn 

Ov 

sO 

rH 

CM 

U  fcM  « 

rH 

K. 

r-* 

r\ 

/-N 

?» 

rH 

CM 

cn 

<r 

US 

o 

N— .» 

'W 

'w' 

VH 

efl 

o 

00  PS 

<r 

O 

O 

o 

© 

O 

a  co  fi) 

• 

• 

• 

. 

. 

* 

h  M  00 

CM 

0*v 

CM 

o 

rH 

CP 

D 

0000-3 

rH 

rH 

rH 

rH 

v© 

CM 

<r 

>  £  3 

<  W03 

o 

rH 

MD 

OS 

rH 

rH 

CM 

cn 

0 

e 

0) 

CD 

<u 

0 

•H 

HI 

4J 

0 

a 

D 

c 

0 

a 

3 

in 

4J 

>. 

0 

o 

© 

00 

I 

m 

a 

4J 

0 

C 

<u 

Si 

0 

>N 

w 

rH 

40 

4J 

>s 

in 

W 

u 

0 

CO 

• 

4J 

PS 

« 

u 

<v> 

u 

CO 

01 

q 

0 

m 

rH 

> 

hH 

z 

3 

■u 

o 

c 

CJ 

o 

u 

« 

-j 

hH 

40 

60 

3 

«J 

< 

a 

u 

H 

q 

4J 

x: 

H 

00 

o 

<3 

« 

u 

P 

£ 

< 

C*4 

a 

w 

o 

H 

i J 

<D 


•3 

<D 


(0 

0 

C 

<J0 

x 


* 


City  land  disordered  by  bombs  and  herbicides  was  8.7%  and  4.22  respective 
an  equal  percentage  of  the  total  energy  budget  was  disrupted.. 
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1.  The  aua  of  purchased  goods,  foreign  aid,  and  fuel.  Purchased  goods  and 
foreign  aid  wore  2.6  X  10®  $  and  5.1  X.  10®  respectively  multiplied  by  1.4  X  10^ 
kcal/dollar  to  convert  to  equivalent  fossil  fuel  energies  required  to  generate 
the  same  work,  (10.7  X  10*2  kcal).  Add  to  this,  fuel  (8.66  X  10®  metric  tons) 

(106  grams/ton) (10  kcal/graa)  -  8.66  X  10*2.  10.7  X  1012  +  8.66  X  ,1012  - 

13.4  X  1012  kcal. 

2.  The  chemical  potential  energy  entering  the  system  as  agriculture  pro¬ 
duction  was  estimated  by  multiplying  the  land  area  in  agriculture  (7.31  X  10® 
acres)  by  the  estiiaated  gross  photosynthesis  (1.6  X  10®  kcal/acre/day)  and  then 
by  100  days. 

3.  The  chemical  potential  energy  entering  the  system  as  gross  photosynthesis 
of  inland  forests  was  estimated  by  multiplying  the  land  area  (1.9  X  102  acres) 

by  the  estimated  gross  photosynthesis  (1.6  X  10®  kcal/acre/day)  and  then  by 
365  days. 

4.  The  chemical  potential  energy  entering  the  system  as  gross  photosynthesis 
of  mangrove  systems  was  estimated  by  multiplying  the  area  (.69  X  10®  acres)  by 
the  estiiaated  gross  photosynthesis  (2.4  X  10®  kcal/acre/day)  and  then  by  365  days. 

5.  The  chemical  potential  energy  entering  the  system  as  gross  photosynthesis 
of  estuarine  systems  was  estimated  by  multiplying  the  area  (1.0  X  10®  acres)  hy 
the  estimated  gross  photosynthesis  (8.0  X  10^  keal/m2/day)  and  then  by  365  days. 

6.  The  sum  of  the  natural  potential  energies  of:  Rivers  (644  X  102-2  kcal/ 
yr)»  Tides  (152  X  1012  kcal/yr).  Rain  as  Runoff  (119  X  10 12  kcal/yr) .  See  Odum,  ) 
"Effects  of  Herbicides  on  Ecosystems." 

7.  Cumulative  energy  budget  was  calculated  as  the  maximum  possible,  assuming 
there  was  no  disordered  land.  It  was  calculated  by  multiplying  the  average 
energy  budget  times  the  time  span  (6  years). 

8.  Disordered  energy  by  bombs  was  calculated  by  multiplying  the  land  area 
disordered  each  year  from  1965  to  1970  by  the  estimated  gross  production,  and 


then  by  the  number  of  years  remaining  in  the  six  year  period.  (See  Appendix 
B  for  year  by  year  breakdown.) 

9.  Disordered  energy  by  herbicides  was  calculated  by  multiplying  the  land 
area  disordered  each  year  from  1965  to  1970  by  the  estimated  gross  production 
and  then  by  the  number  of  years  remaining  in  the  six  year  period,  except 
agriculture  sprayed  assumed  only  one  year  loss.  (See  Appendix  B  for  year  by 
year  breakdown) . 

10.  Disordered  energy  by  Rome  plowing  was  calculated  by  multiplyisig  the 
land  area  disordered  each  year  from  1965  to  1970  by  the  estimated  grcsa  pro¬ 
duction  and  than  by  the  number  of  years  remaining  in  the  six  yeat  period,  except 
agriculture  plowed  assumed  only  one  year  lo3s.  (Sea  Appendix  B  for  year  by 
year  breakdown) . 


Order  and  Disorder  in  Vietnam 


It  ie  well  known  that  many  ecological  systems  are  stress  adapted  and  tc 
e  certain  extent  even  depend  on  some  form  of  stress  to  speed  up  processes 
and  recycle  nutrients.  Just  as  the  fire-climax  forests  and  prairies  are 
stress  adapted,  and  depend  on  pulses  of  brush  fire  to  recycle  nutrients;  the 
country  of  South  Vietnam  could  possibly  be  considered  a  stress  adapted  system. 
Conflict,  and  large-scale  warfare  have  been  the  rule  rather  than  the  exception 
since  the  Geneva  Agreements  of  1954  and  even  before  with  a  long  and  bitter  con¬ 
flict  between  the  Communist  led  Vietminh  and  the  French  armed  forces.  Frequent 
stress,  such  as  grassland,  grazing,  rather  than  a  pulse  stress  results  In 
greater  overall  production  by  reducing  diversity  and  releasing  disordered 
materials  for  reconstruction  and  repair.  Could  the  same  apply  to  a  30 -year  war 
ar.d  the  country  of  South  Vietnam? 

The  six  year  involvement  of  the  United  States  in  the  Indochina  War  resulted 
in  an  escalation  of  disordering  energies  which  could  represent  an  additional 
pulse  stress  of  3.12.  Far  more  important  than  the  magnitude  of  this  overall 
stress  are  the  percentages  of  the  energy  budgets  that  were  disrupted  from  each 
of  the  subsystems  of  South  Vietnam.  Column  6  in  Table  1  lists  the  percentages 
of  each  subsystem  disordered.  A  comparison  of  these  indicates  that  while  the 
country  had  a  6  year  pulse  stress  of  3.12,  individual  stresses  account  for  major 
effects,  and  due  to  secondary  interactions  nay  magnify  this  overall  stress. 

.  The  mangrove  systems  were  stressed  nearly  412;  a  stress  that  would  reduce 
the  ability  of  the  system  to  recover  in  a  short  period  of  time.  Data  gathered 
by  NAS  personnel  whlls  surveying  ecological  effects  of  herbicides  in  Vietnam 
indicate  a  lack  of  recovery,  possibly  due  to  loss  of  seed  source.  It  has  been 
suggested  recently  that  mangrove  systems  are  an  important  part  of  the  food  chain 
in  estuarine  systems.  A  stress  of  this  magnitude  could  have  severe  effects  on 
estuarine  systems  that,  in  turn,  will  effect  the  human  settlements  by  a  loss  of 
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food  source. 

The  forest  systems  of  the  country  were  disordered  nearly  82;  a  stress  that 
will  probably  have  little  effect  on  the  individual  system,  but  if  time  delays 
and  secondary  interactions  are  taken  into  account,  then  those  systems  depending 
on  the  forest  systems  as  an  auxiliary  energy  source  (the  human  settlements) 
will  feel  the  stress  far  more  than  the  initial  system. 

The  human  settlements  of  South  Vietnam  had  13%  of  their  energy  budget 
disordered  during  the  six  year  period  (1965-1970).  Add  to  this  the  effects 
of  increased  population  due  to  relocation  of  refugees,  reduced  agriculture 
production  (5.2%),  reduced  estuarine  production,  and  reduced  forest  production, 
end  again  the  direct  stress  is  magnified  requiring  many  years  to  recover. 

Another  way  of  showing  these  same  effects  for  the  purposes  of  comparison 
to  other  flows  of  energy  throughout  the  country  is  the  systems  diagram.  Figure 
2  ia  an  energy  diagram  of  the  gross  energy  budget  for  the  country  of  South  Viet¬ 
nam  showing  all  the  main  energy  flows,  constructive  and  destructive,  those  of 
nature,  and  those  of  tha  cities.  Energy  of  low  quality  such  as  sunlight  is 
expressed  in  the  chemical  potential  energy  after  transformation  by  photosynthesis. 
The  flows  of  high  quality  energy  such  as  the  urban  technological  economy  are 
expressed  in  equivalent  fossil  fuel  energy  required  to  generate  the  same  work. 

When  many  of  the  details  of  small  component  flows  of  energy  through  the 
country,  such  as  in  Figure  1,  are  eliminated  by  retreating  to  a  more  macro-scale 
view,  certain  patterns,  or  consequences  of  the  war  become  more  obvious,  and 
comparisons  can  be  drawn.  For  instance,  the  ratio  of  tha  destructive  energies 
of  war  (disordering  energies)  to  the  constructive  energies  of  nature,  and  the 
cities  is  approximately  1  to  17,  or  the  disorder  to  order  ratio  is  6.0%. 

Ewel  (1971)  described  five  tropical  environments  disrupted  with  a  disorder 
r.c  order  ratio  of  5.8%  showing  initial  decreases  in  primary  production,  but 
long  run  rejuvenation.  Richey  (1570)  tested  a  disorder  to  order  ratio  of  8.0% 
by  burning  microcosms;  again  showing  initial  decreases  in  production;  but 
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Figure  2:  Energy  Budget  of  South  Vietnam,  1965-1970. 
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Notes  on  Figure  2. 

1.  U.S.  war  effort  was  calculated  by  adding  the  incremental  costs  oj  the 
war  in  Vietnam  for  the  years  1965-1970.  The  incremental  costs  are  the  c<j>sts 
which  represent  the  "net  difference  between  wartime  and  peacetime  needs. 
Congress.  House  Committee  on  Appropriations.  Dept,  of  Defense  Approp 
for  1970  pt.  VII.  Hearings,  Washington,  U.S.  Government  Printing  Office 
p.  395).  The  total  war  effort  (9181  X  10^-®  dollars)  was  then  multiplied 
X  10^  kcal/dollar  to  obtain  the  energy  expenditure. 

2.  Viet  Cong  and  North  Vietnamese  war  effort  was  estimated  by  assuming 


(U.S. 


rlati 


on  s 
1970. 
by  1.4 


steady  increase  from  $555  million  (Thayei 
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r,  1969)  to  $765  million  ir.  1970 
ftlpril  2,  1972).  The  total  war 


(A.P.), 


effort  (3.9  X  109  dollars  was  then  multiplied  by  1.4  X  10^  kcal/dollar  to  obtain 
the  energy  expenditure. 

| 

3.  U.S.  Aid  was  calculated  by  adding  the  official  aid  for  the  years  1965- 
1970.  (Annual  Statistical  Bulletin,  No.  14.)  the  Official  Aid  (3.03  X  109 
dollars)  was  then  multiplied  by  1.4  X  10^  kcal/dollar  to  convert  to  potential 
energy  entering  the  system. 

it 

4.  Natural  Energies  are  all  those  energies  entering  the  country  from  the 
chemical  potential  energies  of  gros3  photosynthesis  of  ecosystems,  and  the 
chemical  potential  energies  of  rivers,  tides,  thermal  heating,  winds,  and  rains 
as  runoff. 

5.  Fuel  inputs  are  from  ''Vietnam  Statistical  Yearbook."  For  the  6-year 

6  I 

period  5.2  X  10^  metric  tons,  this  was  multiplied  by  10  grams/matric  ton  and 
by  10  kcal/gram  tc  convert  to  calories  of  work. 

6.  Purchased  goods  was  calculated  by  adding  the  import  arrivals  from  Annual 
Statistical  Bulletin  No.  14  for  the  years  1965-1970.  The  import  arrivals  '1.59 

i 

X  109  U.S,  dollars)  was  then  multiplied  by  1.4  X  10^  kcal/dollar  to  conj-ert 
dollars  to  the  potential  energy  equivalent.  Here  it  is  assumed  that  1/10  this 
amount  is  the  energy  value  to  the  system,  the  remaining  9/10  is  the  cost  of 
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manufacture  and  transportation.  The  calculation  of  energies  was  baaed  on  raw 
chemical  potential  energy  conversion  of  each  of  the  flows.  There  are  studies 
currently  underway  to  give  certain  "qualities"  to  energy  to  allow  for  more 
complete  accuracy  of  calculation  for  modelling  purposes.  For  example  the  "energy 
value"  of  a  material  or  energy  in  a  system  is  not  only  the  measurable  quantity 
of  chat  flow,  but  has  been  suggested  to  be  the  initial  energetic  costa  of  pro¬ 
cessing  and  manufacturing  as  well . 
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recovery,  and  in  some  instances  increases  with  time.  Thus  if  comparison? 

■•an  be  drawn  between  the  smaller  scale  systems  of  microcosms  and  individual 
i\  osyatemo  and  the  larger  scale  system  of  a  country  made  up  of  many  smaller 
subsystems,  the  impact  of  a  pula*  disorder  to  order  ratio  of  6.02  will  probably 
release  material  and  increase  repair  mechanisms  required  for  rejuvenation, 
thus  having  a  greater  gross  production  with  time.  However,  this  does  not 
indicate,  a  stronger  or  more  stable  system  for  the  higher  gross  production  is 
achieved  at  a  cost  to  diversity. 

During  this  same  6  year  period  the  disordering  energies  were  12  times  as 
great  as  the  flows  of  ordering  energy  due  to  foreign  aid  and  purchased  goods 
and  fuel.  Aid  was  over  half  that  of  purchased  goods  and  fuel  indicating  a 
subsidized  economy,  an  economy  dependent  upon  increasing  fl)W3  of  high  quality 
energy  in  a  world  where  these  flews  are  becoming  limited, 

But  more  important,  the  diagram  shows  where  the  most  stress  was  inflicted 
by  the  actions  of  war.  The  natural  system,  while  having  a  large  loss  in  com¬ 
parison  to  the  urban  energies  disordered,  waa  stressed  2.72.  The  urban  system 
(manbuilt-technological  economy)  had  7,02  of  its  incoming  energies  disordered. 

Other  consequences  of  the  war  (secondary  interactions)  such  as  the  shift  in 
population  from  rural  areas  to  the  urban  centers,  the  loss  of  population  as  casu¬ 
alties  of  war,  and  shifts  in  land  use,  have  magnified  this  stress. 

These  calculations  begin  to  show  a  more  complete  picture  of  the  disordering 
of  South  Vietnam  and  seme  conjectures  can  be  made.  As  a  consequence  of  prolonged 
conflict  and  war  the  country  of  South  Vietnam  has  become  u  stress  adapted  system 
decreasing  diversity;  and  maintaining  a  low  successional  state.  If,  again, 
comparisons  can  ba  drawn  between  man  built  technological  systems  and  natural 
ecosystems,  than  the  country  of  South  Vietnam  can  be  considered  a  pulse-climax 
nation,  much  like  the  fire-climax  forests  and  prairies,  which,  require  large  flows 
of  energy  and  materials  for  reconstruction  and  rejuvenation  after  disordering, 
and  thue  maintain  low  diversity  As  long  as  the  disordering  effects  of  the 


conflicts  remain 


it  is  reasonable  to  assume  that  the  country  of  South 


Vietnam  will  remain  an  unstable  system. 
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Simulation  Model  of  Vietnam 

The  disordering  of  lands  and  the  accompanying  transfer  from  one  land  use 
category  to  another  night  not  be  a  "b^id  consequence"  of  the  war;  but  in  the  long 
run,  by  those  who  advocate  increased  agricultural  production  for  the  country. 

For  example,  the  change  from  forest  to  bare  land  has  accomplished  the  first 
step  in  the  process  of  bringing  more  land  into  agricultural  production.  This 
seems  to  be  the  case,  as  long  ae  there  are  the  necessary  energies  (U.S.  Aid) 
available  that  can  be  added  to  the  country's  own  reserves  to  accomplish  this 
goal.  However,  there  are  short  term  losses  that  disordering  vast  amounts  of 
forest,  cropland,  and  urban  systems  must  necessarily  bring. 

The  actions  of  war  have  disordering  effects  on  not  only  the  physical,  natural 
and  man-made  systems,  hut  on  the  social  and  economic  cystems  as  Veil.  As  a  con¬ 
sequence  of  the  war  there  has  been  a  massive  switch  from  a  rural  to  an  urban 
population.  With  the  help  of  U.S.  Aid  this  shift  in  population  has  caused  the 
urban  centers  to  expand  at  an  ever  increasing  rate. 

The  effects  the  disordering  energies  have  had  on  the  country  of  Sonth  Viet¬ 
nam  can  only  be  assessed  through  time.  The  use  of  the  systems  diagram  translated 
into  the  language  of  the  analog  computer  and  simulated  gives  new  insight  to  the 
cumulative  effects  of  all  disordering  energies.  Figure  3  is  a  simplified  version 
for  the  purposes  of  simulation,  of  the  changing  land  use  model  in  Figure  1.  Thia 
diagram  shows  the  action  of  war  accelerating  the  recycling  and  reuse  of  disordered 
lands  and  materials.  These  are  all  parts  that  when  fed  back  with  an  accompanying 
energy  input,  are  available  for  and  stimulate  reconstruction.  Evaluation  of  the 
rates  gives  a  perspective  of  those  changes  that  are  important  and  computer  simu¬ 
lations  are  used  to  show  the  cumulative  effects  on  South  Vietnam's  energy  budget 
as  well  as  the  coats  or  reordering. 

Calculations  and  sources  of  information  for  the  Rates  of  Flows  and  the  stor¬ 
ages  in  Figure  3  ere  summarized  in  Appendix  C.  War  Effort  (W)  and  United  States 
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(A)  have  functions  generated  to  acre  accurately  depict  the  escalation  of  U.S. 
involvement  in  Indo-China.  The  War  Effort  (W)  starts  f 1950 )  with  minimal  war; 
the  approximate  level  of  conflict  prior  to  U.S.  involvement.  In  1965  the  level 
increases  reaching  a  maximum  in  1967,  then  decreases  to  an  estimated  level  of 
conflict  equal  to  that  prior  to  1965.  (See  Appendix  C.) 

United  States  Aid  (A)  remains  at  zero  (0)  until  1960,  then  increases  at 
a  rate  constant  with  reported  U.S.  Aid.  In  the  first  simulation  (Fig.  4a-f)  Aid 
was  held  constant  (after  1970),  at  the  1970  level.  In  the  second  simulation 
(Fig.  5a-f)  Aid  was  increased  after  1970  to  a  maximum  in  1985,  then  terminated. 

/.nd  in  the  third  simulation  (Fig.  6a-f)  Aid  was  decreased  steadily  after  1970  and 
terminated  in  1980. 

Figures  4a-f,  5a-f,  and  6a-f  are  computer  generated  graphs  of  the  first, 
second  and  third  simulations  of  the  model.  The  graphs  indicate  a  steady  state 
system  from  1950-1965  (with  slight  decreases  in  certain  storages  [L?,  S2,  L^,  S^]) 
until  escalation  of  the  war  in  1965,  causing  decreases  in  all  compartments  of  the 
system  except  the  human  settlements. 

The  Mangrove  systems  (Fig.  4B)  show  the  expected  disruption  anticipated  by 
the  calculations  in  Table  1.  However,  the  structure  component  (S^)  continues  to 
decrease  after  the  pulse  disordering  of  war,  probably  due  to  increased  wood  cutting 
for  charcoal.  There- is  no  recovery  as  might  ba  expected  because  provisions  for 
a  seeding  program  ara  not  included  in  the  model.  In  the  second  and  third  simula¬ 
tions  little  change  in  exhibited.  The  structure  does  decrease  however,  with  the 
second  simulation  due  to  increased  demands  of  the  human  settlements. 

The  forest  systems  (Fig.  4c)  of  the  country  exhibit  a  slight  decrease  in 
the  first  simulation,  somewhat  aggravated  by  the  increased  demands  of  fhe  growing 
human  settlements.  Recovery,  as  expected,  does  occur,  but  the  system  does  not 


U.  S.  Aid  Ordering 


1965 

202.3 

265 

1966 

478.9 

406 

1967 

271.6 

356 

I960 

295.5 

370 

1963 

206.7 

477 

1970 

369,4 

504 

Official  Aid 

(US  $  millions) 


U.S.  War  Appropriations  (US  $  millions) 


25,000 

1965 

100 

20,000 

1966 

6,000 

1967 

18,000 

1 56)00 

1968 

23,000 

10,000 

1969 

22,000 

1970 

17,000 
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0 
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Fuel  to  War 


Effort  (millions  of  barrels)  (partial  figures) 


1965 

73,881 

150- 

1966 

fl  2,995 

- 

1967 

146,697 

100- 

1968 

173,766** 

- 

50- 

"REPORT  ON 

WAR  IN  VIETNAM" 
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Military  Goods  (thousands  of  tons)  (partial  figures) 


1965  3,300** 

IS66  7,280 

1967  11,800** 

1968  14,840 

Only  six  month  figures  we re  given 
for  these  years,  so  figure  was 
doubled  for  year  tctd. 


Notes  to  Figures  4,  5,  6 


Maximum  values  for  each  component  are  a3  follows: 
Wp  War  Effort  -  2.5  billion  $ 

Ap  U.S.  Aid  -  1  billion  $ 

7 

Lp  Mangrove  land  -  1.3  X  10  acres 
Sp  Mangrove  structure  -  2.1  X  101®  kg 
L2,  Forest  land  -  3.3  X  10?  acres 
Sp  Forest  structure  -  16.1  X  1018  kg 
L-j,  Agriculture  land  -  3.27  X  107  acres 
Sp  Agriculture  Structure  -  1.1  X  lO1^  kg 
Lp  Urban  Land  -  3.3  X  107  acres 
S^  Urban  structure  -  6.8  X  10^-  kg 
Pi  Rural  Population  -  11.0  X  107 
?2  Urban  Population  -  18.3  X  108 


V 


188 


reach  the  level  of  productivity  exhibited  at  the  beginning  of  the  simulation 
run.  Flows  of  Aid  have  little  effect  on  the  system,  and  even  when  tripled  r.o 
perceivable  difference  was  noted.  The  transfer  coefficient  for  the  flow 
returning  to  forest  land  from  bare  land  as  a  result  of  U.S.  Aid  (K.;  Is  ex¬ 
tremely  small  accounting  for  the  lack  of  effect. 

The  agricultural  systems  (Fig.  4d)  show  the  greatest  change  due  to  the 
disruption  by  war,  decreases  in  the  rural  population,  and  increased  urban  demand. 
In  the  first  simulation  production  of  the  system  after  disruption  does  not 
recover  to  the  initial  level.  Increased  aid  in  the  second  simulation  provides 
the  energy  necessary  to  increase  agricultural  production  to  a  level  slightly 
higher  than  the  initial,  by  transferring  more  land  back  into  production  and 
increasing  the  movement  of  refugees  back  to  the  rural  areas.  In  the  third  simu- 

I 

j  lation,  by  cutting  off  aid,  production  remains  lower  than  the  level  obtained  in 
!  Simulation  1,  as  might  be  expected. 

Consequences  of  the  population  shifts  (Fig.  4e)  are  felt  throughout  the 
'  system  and  are  very  important  flows  regarding  the  overall  stability  of  the 
j  country.  In  the  first  simulation  the  movement  of  the  rural  population  to  the 
j  cities  puts  additional  burdens  on  the  entire  system.  Manipulation  of  this  flow 
caused  extreme  changes  in  most  compartments.  If  the  rate  of  movement  to  the 

human  settlements  was  decreased  all  components  exhibited  faster  recovery  rates, 

I 

I 

;  and  the  loss  of  agriculture  production  was  not  as  great.  If  the  rate  of  move¬ 
ment  was  increased  the  opposite  occurred.  This  "system  sensitivity"  to  the 

I 

movement  of  the  populations  begins  to  indicate  the  extent  to  which  the  country's 
stability  is  aggravated  by  the  secondary  effects  of  the  refugee  problem.  In 
the  second  simulation,  movement  back  to  the  rural  areas  is  facilitated  by  an 
.  increased  flow  of  agricultural  land  back  into  production.  In  the  third  simula- 
|  tion,  diminishing  aid  has  little  effect  on  the  return  of  the  rural  population. 

The  human  settlements  (Fig.  4f),  while  showing  smaller  visible  changes,  are 


interesting  in  view  of  the  time  delay  involved  in  the  build  up  of  city  structure 

(S,)  following  the  increased  urban  expansion  (La)*  By  the  year  1970,  increases 
4  H 

are  apparent  in  city  land.  However,  due  to  shortages  of  materials  and  energies, 
and  pressure  from  an  increased  population,  a  time  lag  of  ten  (10)  years  is  re¬ 
quired  before  the  materials  and  energies  are  available  for  growth  of  city  structure. 
Recovery  to  the  initial  level  does  occur  by  the  year  2000.  This  does  not  meet  the 
demands  of  the  larger  population.  Increasing  aid  in  simulation  2  meets  these 
demands  easily.  The  increase  in  city  structure  in  this  case  begins  to  show  a 
run-way  growth,  possibly  an  undesirable  consequence.  In  the  third  simulation 
decreased  aid  prolongs  the  time  delay  and  reduces  the  final  structure  value. 

Overall  Perspective 

Consequences  of  the  war  in  Vietnam  are  difficult  to  evaluate  directly.  The 
immediate  effects  of  the  disordering  energies  have  caused  a  3.1%  disruption  of 
the  6  year  cumulative  energy  budget  (1965-1970)  of  the  country.  The  herbicide 
program  accounts  for  nearly  half  this  disruption:  an  interesting  consequence, 
indicating  the  high  amplifier  value  of  the  relatively  low  energetic  cost  of  herbi¬ 
cides. 

Simulscion  of  the  War  Stress  Model  reveals  additional  stresses  and  indicates 
that  depending  on  the  new  energies  added,  by  the  year  2000,  the  country  of  South 
Vietnam  may  still  be  showing  the  consequences  of  a  6  year  war  in  the  1960's.  It 
is  important  to  note  here  that  the  recovery  of  the  system  depends  on  continued 
(and  possibly  increased)  flows  of  United  States  Aid  (a  situation  which  may  be 
unrealistic  in  light  of  increased  energy  shortages  being  felt  throughout  the  U.S.) 

Delays  in  ending  the  present  level  of  conflict  may  cause  delays  and  reduc¬ 
tions  in  the  recovery  rate  of  order  in  the  country.  As  long  as  needed,  materials  and 
energies  are  diverted  from  the  Job  of  reconstruction  to  that  of  fighting  brush 
wars  with  the  Viet  Cong  and  North  Vietnamese,  regrowth  of  the  country  may  be  delayed. 
StaDility  in  any  system  is  related  to  the  diversity  of  normal  occupations  and  com- 
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ponencs;  and  as  suggested  earlier,  continued  conflict  may  result  in  maintaining 
a  low  diversity  and  thus  a  low  successicnal  state.  On  Che  other  hand,  the  system 
may  be  developing  special  adaptations  to  War  Stress  Energies  so  that  they  are 
not  so  destructive  to  the  overall  processes. 

Other  models  simulated  for  the  country  of  South  Vietnam  at  wer  suggest  a 
regrowth  and  in  soma  instances  increased  productivity;  and  parallels  have  been 
drawn  between  South  Vietnam  and  the  countries  of  Germany  and  Japan  after  uhe 
second  World  War,  However,  the  reordering  and  recovery  of  Germany  and  Japan  were 
accomplished  with  great  expenditure  of  outside  "ordering  energy"  during  a  tine 
of  increasing  fosail  fuel  availability  and  utilization.  The  same  rapid  reordering 
of  South  Vietnam  may  be  ■•nrealistic  in  view  of  increased  demand  and  decreased 
availability  of  fossil  fuel  energies.  The  War  Stress  Model  indicates  that  without 
increased  aid  the  reordering  may  take  many  years  more  than  intuitively  apparent. 
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APPENDIX  A 


General  Notes  on  Figure  1 

The  conversion  from  $  (American)  to  kcal  was  calculated  as  roughly  11,000 
kcal/dollar.  (This  figure  was  calculated  in  the  same  manner  as  Odum,  1971.) 
The  total  fossil  fuel  budget  and  hydro  electric  production  was  divided  bv  Che 
CNF  of  the  country.  The  most  complete  figures  were  for  the  year  1966.  The 
figures  for  fossil  fuels  were  as  follows: 


Fossil  Fuel  Type 

Metric  Tens  Imported 

keal/g 

kcal  x  1010 

Petroleum 

25,647 

12 

30.72 

Aviation  gas 

166 

11 

.18 

Gasoline 

203,920 

12 

244.68 

Kerosene 

256,337 

10 

256.34 

Gas  oil 

67,810 

10 

67.81 

Fuel  oil 

562,595 

10 

562.60 

Natural  gas 

6,080 

12.5 

7.60 

Petroleum  coke 

820 

7 

.51 

TOTAL  1170.50  X  1010  k. 

-al/ year 

The  figures  of  metric  tons  imported  nre  from 

"Vietnam  Statistical  Yearbook 

1970".  Hydro  electric 

< 

production  was  calculated 

from  a  map 

showing  location. 

type  and  capacity  of  hyrdo  electric  generating  plants  found 

in  "Vietnam  Subject 

Index  Maps"  minimum  value  for  each  plant  was  used  (see  table  below).  The  total 
keal/yr  energy  budget  was  2750.0  X  10^®.  This  was  divided  by  the  GNP  of  the 
country  for  the  year  1966,  2.0  X  109  dollars,  ("Impact  of  the  Vietnam  War"). 

The  figure  obtained  was  13,660.6  kcal/dollar. 


3  9  30,000  -  90,000  kw 


3  power  plants  9  10,000  -  50,000  kw, 

2  power  plants  9  50,000  -  above  kw  29  60,000  =  120,000  kw 

210,000  kw 

210,000  kw  -  1.84  X  1010  kwh/yr  (8.60  X  102  kcal/kwh)  =  15.80  X  101-2  kcal/yr 

— . . . \/  TOTAL  2730  x  1G-®  Jccal/vear 

Q-^  Land  area  in  the  cities  -*  2.47  X  10^  acres  is  based  on  100  Km^  as  stated 

by  Meselson  .et  al.  (1970).  This  figure  is  for  1970,  however,  it  includes 

cnly  major  urban  areas,  so  it  is  felt  that  it  is  a  good  reflection  of  all 

urban  areas  including  villages  +  hamlets  in  1965  -  these  small  urban  systems 
are  not  classically  held  as  urban  areas  but  generall  as  rural;  however, 
because  of  the  "undeveloped"  status  of  the  country  and  the  role  of  the 
village  +  hamlet  as  major  elements  in  the  hierarchy  of  the  governmental 
structure;  they  are  included  in  urban  areas.  This  figure  repiesents  .058? 
of  the  land  area  of  the  country. 

Q2  Goods  in  Country  -  This  storage  represents  the  combination  of  imports  and 
goods  produced  within  the  c t  itry  minus  experts.  Imports  and  exports  were 
easy  figures  ot  obtain  from  a  number  of  poublications  including  "annual 
statistical  bulletin"  and  "Vietnam  Statistical  Yearbook,  1970"  and  indts- 
ktiax  production  were  obtained  from  "Annual  Statistical  Bulletin  No.  11". 
This  data  does  rot  include  enterprises  whose  1962  output  was  less  than 
2,000,000  $VN  in  value.  Thus,  much  of  Vietnam's  industrial  production  is 
excluded  e.g.  salt  mining,  quarrying,  furniture  making,  printing,  and  handi¬ 
craft  production.  For  1965,  the  goods  within  the  country  was  calculated 
as  4.17  X  10^  metric  tons. 

Q3  Capital  in  the  City  -  Capital  in  the  city  is  used  here  to  mean  the  money 
supply  that  is  available  throughout  any  year.  This  figure  was  computed  from 
a  table  "Money  Supply"  in  billions  of  piasters  from  the  Annual  Statistical 
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Bulletin  be.  11  by  dividing  by  the  exchange  rate  of  118  piasters  to  the 
American  dollar.  Two  figures  are  given,  the  year  end  value  and  the  air.ovr.f 
available  at  the  beginning  of  the  year,  tor  1965  the  year  end  value  was 
S393.2  million  and  the  amount  available  at  the  beginning  of  the  year  vas 
$232.2  million. 

Land  area  In  agriculture  -  The  land  area  in  agriculture  is  all  land  in 
Vietnam  under  cultivation  Vietnam  Statistical  Yearbook  .970.  Table  14  — 
Agricultural  crops:  planted  area  and  production,  1960-1969.  The  planted 
area  for  each  major  crop  was  totaled  and  the  agricultural  land  area  that 
had  been  defoliated  was  added  to  this  figure  as  was  the  land  area  bombed. 

The  total  land  area  during  1965  that  was  in  agriculture  production  was 
7.308  X  106  acres. 

Q5  Agriculture  Structure  -  As  used  here  agriculture  structure  means  the  yield 
in  kgm  of  the  land  area  in  agriculture.  The  year  end  total  yield  was  ob¬ 
tained  from  Vietnam  Statistical  Yearbook  1970  as  was  the  land  area.  The 
total  yield  and  planted  areas  were  705.8  X  10^  kgm  and  7.238  X  10^  acres 
respectively.  By  dividing  yield  by  planted  area  the  yield  per  acre  was  obtained 
^975.1  kga/acre)*.  This  then  was  multiplied  by  the  planted  area  (total  be¬ 
fore  herbicides,  spray,  and  bombing)  to  obtain  maximum  yield  value  of  7126.0 
X  106  kgm.  - - - - - ; - 

Land  Area  in  Military  Bases  -  This  value  has  been  requested  from  the  Depart¬ 
ment  of  the  Defense  but  to  date  has  not  been  received.  For  lack  of  any 
better  figure  this  value  was  estimated  by  assuming  that  for  each  member  of 

*  This  yield/acre  is  approximately  1/6  that  calculated  for  Florida  which 
has  a  yield  5,985  kgm/acre  for  all  crops,  however,  Vietnam's  growing  season 
is  shorter  due  to  monscon  weather,  and  they  do  not  have  a  fossil  fuel  sub¬ 
sidized  agricultural  system  to  the  extent  of  that  of  the  U.S. 
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the  combined  J .  S .  and  S.V.N,  armed  forces  a  minimum  of  1.5  acres*  are 
required  to  provide  housing,  necessary  services,  and  storage  for  them  an 
their  support  equipment. 

Qp  Land  area  in  Forests  —  Mese]son  et  al .  (1970)  estimate  forest  area  to  be 
100,000  km^.  Included  under  the  designation  "forest"  are  all  lands  with 
trees  whose  crowns  cover  more  than  twenty  percent  of  the  area.  This  esr 
mate  is  based  on  low  resolution  aerial  photography  and  on  U.S.  Army  terrain 
difficulty  maps.  The  forestry  services  Mr  the  French  colonial  government 
estimated  the  total  area  of  economically  valuable  hard  wood  forests  at 
50,000  kin^  leaving  out  forests  that  were  badly  degraded,  very  young,  or 
located  m  partially  inaccessible  sounta’n  tar rain.  A  value  of  75,000 
was  estimated  from  a  vegetation  map  published  by  the  government  of  Vietnam. 
This  value  was  chosen  as  a  rough  approximation  of  the  forest  area  at  tne 

beginning  of  1965,  because  the  greatest  expenditure  of  herbicides  in  Vietnam 

.  .  | 

has  been  on  fairly  mature  tropical  hardvefcd  forest  (Meselson,  al.,  19j?0), 
In  acres  the  total  forest  area  for  1965  is  18.5  X  10^. 

Qg  Forest  Structure  -  Rodin  (1967)  Stated  standing  crop  for  subtropical 

hard  wood  forest  to  be  4.1  X  10^  g/m2  and  that  for  rain  forest  5.0  X  If/*. 
Since  a  large  majority  of  the  forests  of  Vietnam  are  of  the  moist  forest 
type  and  the  next  most  frequent  type  is  secondary  forests,  a  biomass  of 


*It  is  assumed  that  a  military  base  has  the  same  basic  system  funct'orts 
and  flows  as  the  urban  system  (with  some  specialized  functions  in  terms  of  j 
equipment  storage,  and  control  mechanisms.)  All  calculations  using  urban  sys¬ 
tems  in  Southwest  Florida  indicate  for  each  urban  inhabitant  .85  acres  are 
required  to  house  and  provide  them  with  necessary  services.  Cue  to  the  higher 
energy  flow3  of  the  military  system  as  compared  to  the  urban  system  and  an 
accompanying  increase  in  structure,  it  can  be  assumed  that  larger  amounts  if 
land  will  be  necessary  to  accommodate  the  system  components.  Thus,  an  increase 
of  75%  in  land  area  over  than  required  to  house  and  maintain  services  for  .  litary 
personnel  was  estimated.  : 
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3.5  X  104  g/m2  was  used. 

Tne  tropical  moist  forest  covers  approximately  /G-7 5?  of  the  forest  ri*a 
while  the  secondary  forest  make  up  the  remaining  25-30%  with  small  areas  of 
semi-deciduous  end  dipterocarp  dry  forests.  (Estimates  from  General-  Forest 
Map,  Government  of  South  Vietnam.) 

The  total  biomass  or  standing  crop  for  1965  was  calculated  by  multiplying 
the  biomass  per  sq.  meter  by  the  area  of  forests  (18.5  X  108  X  4047  *  X 

1011/m2)(3.5  X  104  g/m2  X  2.62  X  lO11^2)  -  9.17  X  1018  kg  of  biomass. 

2 

Qg  Dead  wood  (Dead  forest  structure).-  Prior  to  1965,  £38  km  of  forest  lane  had 
been  sprayed  (Herbicide  Assessment  Commission  of  the . American  Association  for 
the  Advancement  of  Science,  Background  material  relevant  to  presentations 
at  the  1970  annual  meeting  of  the  AAAS,  Chicago,  I1L,  (Dec.  29,  1970)  p,  14.) 
"Some  estimates  indicate  that  one  out  of  every  eight  trees  is  killed  by  a 
single  spraying  and  that  50  to  80  percent  are  killed  in  areas  where  more  than 
one  spraying  has  occured."  (same  reference).  Therefore,  a  low  estimate  of 
20%  killed  in  those  areas  sprayed  has  leen  made.  This  estimate  takes  into 
account  the  10%  to  12.5%  killed  after  the  first  spray  and  allows  for  an 

additional  10%  due  to  scattered  second  sprayings.  The  amount  of  dead  wood 

q 

for  1965  was  calculated  to  be  3.06  X  10  kg,  and  was  figured  in  the  following 
manner:  (438  tan2)  (10$  m/km2)  (3.5  X  104  g/m2)(10~3  kg/g)  (.20)..-  3.06  X  109  kg. 

^10  Bare  Land  -  is  those  areas  that  have  had  the  standing  crop  markedly  reduced; 
it  does  not  necessarily  mean  top  soil  that  is  exposed,  although  in  some  cases 
it  is,  but  merely  those  areas  throughout  SVN  that  have  had  the  standing  crop 
removed  and  are  in  various  stages  of  succession.  In  the  three  years  prior 

to  1965  458  km2  of  forests  and  46  km2  of  agricultural  lands  had  been  sprayed 

2  •) 

(impact  of  Viet  Nam  War,  1971).  Of  the  forests  sprayed  20  Km  cf  the  458  km- 


was  mangrove.*  Calcu’acin^  the  amount  of  bare  land  that  had  accumulated 
by  1965  was  done  by  assuming  first:  that  9C”  of  the  mangrove  land  sprayed 
was  still  bare  based  on  statements  by  Tschirley  (1969)  that  mangroves  are 
particularly  susceptible  to  defoliants  and  that  one  application  at  the 
normal  rate  employed  in  Vietnam  is  sufficient  to  kill  most  of  the  trees. 

And  possibly  because  of  lost  seed  source  there  has  been  little  or  no 
reestablishment  of  the  forest;  second,  that  175!  of  the  upland  forests 
sprayed  prior  to  1965  are  still  bare  land  calculated  in  the  following  marine''' 
it  was  assumed  that  of  the  area  sprayed  a  2055  kill  was  achieved  with  c 
application  of  defoliants  in  the  upland  forests.  Of  this  205!  at  the  end  of 
one  year  2 .'855  has  recovered  or  bare  land  is  now  19.447.  At  the  end  of  2 
years  8.87  has  recovered  or  18.247  bare  land;  at  the  end  of  3  years  13.47 
of  the  202  has  recovered  or  17.327  is  still  bare  land.  Third,  that  agricul¬ 
ture  land  sprayed  is  907  defoliated  for  that  year,  assuming  that  ccme  land 
night  be  replanted  within  the  year  and  be  replanted  the  following  year  with 
a  507  overlap.  In  other  words  50%  of  that  land  sprayed  in  1964  is  still  bare 
at  the  end  of  1965  and  1/2  of  that  land  will  be  replanted.  The  remaining 
1/2  will  not  be  replanted  due  to  the  abandonment  of  villages  and  hamlets 
because  of  the  resettlement  of  the  people  who  were  in  conflict  areas.  Fourth, 
that  forest  and  agricultural  structure  destroyed  by  bombing  is  calculated 
in  the  same  manner.  However,  there  is  no  data  available  for  the  years  prior 
to  1965.  Thus ,  it  was  assumed  there  wa3  none. 


*This  area  was  measured  of  official  DOD  spray  run  maps  at  a  scale  of 
1:1,000,000.  At  this  scale  it  is  difficult  to  determine  exact  areas,  however, 
these  maps  are  computer  drawn  and  give  an  accurate  indication  of  where  the  spray 
ing  occurred.  3  different  widths  of  individual  spray  were  observed  from  these 
maps;  these  were  assumed  to  be  25,  150,  and  225  meters  wide. 


The  value  of  bare  land  is  as  follows 

forest  sprayed  in  1962 

20  las2 

(13.4%) 

2.7  km2 

1963 

100  km2 

(18.24%) 

__18, 2  km2 

1964 

346  km2 

(19.44%) 

61.6  km2 

Mangrove  sprayed  prior  tr  1965 

20  km2 

(90%) 

12.0  km2 

Agriculture  sprayed  in  1964 

42  km2 

(50%) 

21  km2 

**»**•<* sprayed  in  1965 

v-2 

nm) 

123  km2 

Mangrove  sprayed  in  1965 

17  km2 

(90%) 

15.3  km2 

Aft iculture  sprayed  in  1965 

267  km2 

(90%) 

240.3  km2 

TOTAL 

500.1  km2 

QX1  Seeded  land  in  mangroves  -  The  total  area  of  mangroves  In  South  Vietnam 

has  been  estimated  as  2,800  km2  (.691  X  106  acres) (Meselson  _££  al,  1970)  and 
Tschirley ,  1969''.  20  km2  had  been  sprayed  prior  to  1965  giving  an  area  of 

2,780  km2  '.6 37  X  • 06  a^rea.) 

Q^2  Mangrove  forest  structure  -  This  structure  index  includes  only  woody  stem 

biomass  and  hr.s  „ten  astimated  as  5,000  g/m2  (Golley  gf  il»»  1962)  and  between 
4,000  g/m2  and  6,000  g/m2  by  Band lubutana  (1957).  The  value  of  5,000  g/m2 
was  used,  thus,  for  1965  (2,800  km2)  (loV/km2)  (5000  g/m2)  -  14,000  X  106  kg. 

Dead  wood  (mangrove)  -  There  was  20  km  (20  X  10°a)  cprayed  prior  to  1965  and 
a  90%  kill  has  been  estimated  ,  thus,  (20.0  X  10^/m2) (. 90) (5000  g/m2)  »  90.0 
X  106  kg  as  stated  by  Tschirley  (1969).  Taere  seems  to  be  very  little  apparent 
recovery  or  reestablishment  after  one  spra  .  ig,  However,  if  there  is,  the  90% 
kill  is  a  conservative  estimate  and  would  arc.t'-’t  for  any  reestablishment. 

Wood  cutters  -  The  number  of  people  engaged  in  wood  cutting  is  impossible  to 
count.  Every  refugee  is  a  potential  wood  cutter  cacause  it  provides  a  readily 
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available  income  source. 

Viet  Cong,  N.  Vietnamese  troops  In  country  -  Very  difficult  to  obtain,  final¬ 
ly  found  a  reference  in  "Aviation  Week  and  Space  Technology".,  Jan.  3,  1966. 
"Present  Viet  Cong  strength:  (1986) 

80-90,000  regular  troops 
100, 00(  guerillas 
40,000  political  activists" 

This  is  an  increase  of  85,000  over  May  1965  estimates  c f  38, 0^0  -  46,000 
■regulars  and  100,000  irregulars  by  Pentagon."  Thus,  a  figure  of  140,000 
men  was  used  for  1965;  40,000  regulars  and  100,000  irregulars. 

Land  area  in  bomb  c  atars  -  Very  difficult  figure  to  obtain;  there  are  no 
estimates  or  data  available  as  yet  on  the  size  o‘  craters  produced  per  pound 
of  TNT  or  for  different  size  bombs,  much  leas  hf w  many  of  different  size  bombs 
have  been  dropped,  "...there  are  two  variable:  that  make  estimates  almost 
impossible,  type  of  fuseir.g  and  type  of  terrain  (soil)  that  bomb  is  dropped 
on.  (There  are)  Many  types  of  fusetng  devices  and  each  will  produce  different 
rasults,  and  if  fused  to  explode  on  contact  with  soil,  and  explodes  on  contact 
with  trees  instead,  a  different  result  is  obtained."  (Personal  interview 
commander,  Univ.  of  Fla.  AFR0TC) .  We  therefore  have  relied  on  two  sources 
for  estimates  on  the  size  of  craters.  Aviation  Week  and  Space  Technology, 

Nov.  29,  1955,  p.  IS  -  "When  delayed  fusing  is  used  craters  on  the  ground  are 
25-30  feet  deep  and  50  feet  wide  at  the  top  wirh  a  blow  down  of  150  feet  in 
diameter  in  heavy  undergrowth  in  Iron  Triangle  area  with  soft,  loamy  soil. 
Westing  (1972)  states  from  personal  observation  that  the  craters  were  "20  to 
40  feet  across  and  5  to  20  feet  deep."  lie  uses  an  average  diameter  of  30  feet 
and  depth  of  15  feet.  We  have  therefore  relied  on  the  following  figures: 
craters  30  feet  in  diameter  and  20  feet  deep  with  a  b1ow  down  of  100  feet  in 
diameter. 
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To  estimate  the  number  of  craters,  [it  was  assumed  that  75%  of  all  air 
munitions,  expended  were  500  pound  borab^  capable  of  producing  a  crater 
described  above. 

The  air  munitions  expended  in  1965  #as  315,000  tons  (see  "Impact  o: 
the  Vietnam  War),  75%  of  this  figure  is  236,250  tons  (2,000  lbs/ton) 

°45,000  bombs  capable  of  producing  a  706,5  sq.  feet  crater  and  a  bare  land 
area  rf  ,7,100  sq.  ft.,  thus  the  area  of  :raters  (706.5  sq.  ft.) (9,45  X  10^)» 


667, *'42, | 
craters.! 


500  sq.  ft.  of  craters  1,2.3  X  10] 


5  acres/sq.  ft.)  -  15,358  acres  ox 


People  -  The  "Annual  Statistical  Bulletin"  gives  the  total  population  for 
South  Vietnam  in  1965,  as  15,921,000.  However,  It  states  "...all  population 

figures  for  Vietnam  should  be  regarded  ar  estimates  or  gross  approximations. 

1 

The  reliability  of  data  for  cities  is  significantly  better  than  for  rural 
areas.  Internal  security  requirements  prescribe  that  each  head  of  household 
must  register  himself  and  all  those  residing  with  him  at  a  local  police  sta- 


ifce. 


tion  and  keep  this  registration  up  to  date.  It  is  these  records  which  local 
authorities  draw  upon  when  reporting  population  data  to  the  National  Institute 
of  Statistics,  It  ia  believed  that  the  1960  figures  represent  a  fairly  accu¬ 
rate  estimate  of  population.  With  the  deterioration  of  security,  registra- 

■ 

tion  data  became  incomplete  and  the  NTS  has  deemed  it  advisable,  beginning  in 
1961-1967  figures  represent  extrapolations  0f  2.5%  per  year  on  the  1960  figures. 


Flow  1.  Incoming  Energies  to  city. 

A  value  of  $252.8  million  (US)  war  e-'-z  incited  for  1965  by  consulting  Table 

9  in  "Annual  Statistical  Bulletin' To.  14"  import  arrivals  by  Major  Commodity. 

Those  commodities  that  were  clearly  consumer  goods  were  added  along  with  pet  ro¬ 
le  ur  products,  those  chemicals  net  used  in  agriculture,  textile  industry  goods, 
machinery  and  vehicles  that  were  clearly  not  agriculture  oriented,  pulp  and 
paper  products  and  66%  of  the  commodity  labeled  "other"  (the  remaining  34%  was 
^ivided  between  agriculture  and  urban  development  energies.)  Those  commodities 
that  were  clearly  for  the  city  were  assigned  to  either  agriculture  or  urban 
development  or  both;  by  assuming  4%  to  agriculture  and  30%  to  urban  development. 
Based  on  finding  a  percentage  that  the  known  quantities  of  each  was  of  the  total, 
and  the  heading  others  was  divided  in  the  following  this  dollar  value,  $25 '.8 
million  U.S.,  was  then  multiplied  by  the  current  conversion  factor  of  14,000  kcal/$ 
(see  general  notes)  to  obtain  3.54  X  10^  kcal/97.  This  is  the  energetic  value 
of  imports  to  the  city  for  1965. 

Flow  2.  Energies  to  Agriculture. 

See  Flow  1  for  explanation.  This  value,  $18.0  million  U.S.  for  1965  was 
multiplied  by  current  conversion  factor  If  14,000  kcal/dollar  giving  2.52  X  10^ 
kcal/yr . 

Flow  3.  Energies  for  Urban  Development. 

See  explanation  for  Flow  1  for  calculation  of  value.  $117-8  million  U.S. 
(14,000  kcal/dollar)  "  1.65  X  lO^kcal/yr  for  1965. 

Flow  4.  3ombs  Expended. 

As  described  in  the  explanation  for  Q16  land  area  in  bombs  craters,  to  esti¬ 
mate  the  number  of  bombs  it  us  assumed  that  75%  of  all  air  munitions  expended 
ware  500  pound  bombs. 

The  air  munitions  expended  in  1965  was  315,000  tons  (input  of  Vietnam  War) 
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(.75)  *  236,000  tons.  In  reality  this  percentage  represents  only  37.5?  of  the 
total  nr 4  .lens  (lan  i,  s»a,  air)  expended,  therefore,  a  very  conservative  esti¬ 
mate. 

Flow  5.  Ene’-^y  of  Rome  plows  to  scrape  land. 

In  1965  this  value  is  0  (zero).  Rome  plowing  was  started  in  Vietnam  in 

1968. 

Flow  6.  Herbicides  sprayr  1  on  agricultural  land. 

This  figure  was  calculated  by  multiplying  the  irea  sprayed  by  the  spraying 
rate  of  3  gallons  per  acre*.  For  1965  the  e.jpland.’  sprayed  was  65, 349  acres*. 
This  multiplied  by  3  gal  per  acre  gives:  197,847  gallons  of  herbicides. 

Flow  7.,  Herbicides  sprayed  on  upland  forests. 

Calculated  by  multiplying  the  araa  of  forest  ■, praved  (found  in  "Impact  of 
the  Vietnam  War1)  as  t  tal  forest  areas  sprayed.  This  figure  represents  all 
forests  including  margrove;  thus,  mangrove  sprayed  were  subtracted  from  total 
forest  areas  by  the  application  rate  of  3  gal/acre.  For  1965,  151,831  acres 
of  forest  had  beer,  sprayed  which  would  require  455,493  gallons  of  herbicide. 

Flow  8.  Herbicides  sprayed  or.  snangvove-i. 

Calculated  by  multiplying  th  land  area  of  mangroves  that  were  sprayed  by 
the  application  rate  ot  3  gal /acre.  Thus,  For ■ 1965 ,  3,779  acres  were  sprayed 
using  11,337  gallons  of  herbicide. 

Flow  9.  V.  C.  and  N.  Vietnamese  in  active  military  engagements. 

Assuming  that  there  were  140,000  V.C.  ar.d  NVN  troops  In  South  Vietnam  in 
1965**and  that  fhe=c  were  broken  into  the  following  percentage  groups  as  fellows 

*Herbioide  assessment  commission  for  the  AAAS.  Background  material  relevant 
to  Presentations  at  the  1970  annual  meeting  of  the  AAAS,  Chicago,  Ill.,  Dec.  29, 
1970.  p.  14. 

**Aviation  Week  and  Space  Technology,  January  3.  19f >6 . 
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44”  guerillas,  38.3”  poll-. .'cal.  arclvJ \>  ,  ar  !  ! 
assurvi-g  that  regular  troops  ,«n»!  pier II 1  arc 
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rr.ents  then  67.7%  of  the  140,000  troops  or  *6,380  troops  -jre  in  active 


engagements . 


.10,  City  Land  Bombed . 

A  difficult  estimate  to  make  -  this  figure  was  derive'*,  by  assumi.i;;  that 
all  bombing  done  t is  evenly  distributed  throughout  the  country  and  then  calcu¬ 
lating  che  %  of  the  total  land  area  of  the  country  that  is  in  city  land.  This 
was  found  to  be  .058%  and  multiplying  this  tines  cratered  area  of  15, '58 
acres  gives  890.7  acres  of  city  land  lambed.  The  reason  for  using  cratered 
land  instead  of  the  cleared  land  as  in  agriculture  and  forest  land  bombed 
(see  Flows  12,13)  is  simply  because  or  the  structural  differences.  City  structur 
is  exceedingly  more  difficult  to  novi  sc  it  was  assumed  that  only  the  actual 
cratered  area  was  cleared.  Again  this  estimate  is  exceptionally  conservative 
on  two  counts.  First,  it  seons  entirely  possible  that  more  than  .058%  of  all 
bombs  dropped  on  South  Vietnam  were  in  cities  and,  second,  s  suiting  that  the  only 
area  of  destruction  for  each  bet j  was  that  of  the  cratered  area  is  very  naive  an 
best;  this  figure  could  range  as  high  as  10  tines  this. amount,  however,  working 
w_th  only  published  information  and  not  having  access  to  certain  classified  in¬ 
formation  it  is  felt  that  conservative  estimate  is  better  than  one  that  night 
be  subject  of  much  debate. 


Flow  11.  People  killed. 

"The  Senate  Refugee  Subcommittee  estimated  that  there  have,  been  1,050, COO 

civilian  casualties  in  Vietnam  bntv  ea  early  1965  and  early  1971,  including 

about  325,001  killed."  (Impact  of  the  Vietnam.  ’Car).  An  estimate  -of  50,000 

♦Based  on  reported  estimates  of  100,000  guerillas,  50-90,000  regular  troop-: 
and  40,000  political  activist-  for  the  year  1966  by  Pentagon. 


was  assumed  by  equating .war  deaths  to  the  relative  scale  of  war  year  by  year, 

1965-  1<"0. 

Flow  12.  Agriculture  Land  3otr.bed. 

Again  assuming  that  bombing  w..  s  evenly  distributed  throughout  the  country, 
and  calculating  the  %  of  the  land  area  that  is  agricultural  land  (17.23%)  and 
multiplying  this  rirn^s  the  total  cleared  area  of  169,000  acres*  g'^es  31,100 
acres  of  agriculture  bombed  an-'  -beared.  This  area  will  be  returned  to  agri¬ 
cultural  production  within  the  year,  however,  so  it  was  felt  a  more  accurate 
assc-sment  of  damage  to  agriculture  land  would  be  in  “he  amount  of  land  that 
was  left  in  craters  and  therefore  unusable  for  agric  iture.  This  was  found 
by  multiplying  the  total  cratered  area,  15,358**  acres  by  17.23%  given  an  area 
of  2,672  acr-'s  in  craters. 

Flow  13.  Upland  Forest  Land  Bombed. 

Again  assuming  that  bombing  was  evenly  distribu  .  ;d  throughout  the  country 
and  calculating  the  %  of  la- i  area  that  is  uplano  forest  (58.8%)  and  multiplying 
this  times  the  total  cleared  area  (blowdown)  caused  by  bombs,  169,000  acres  (.179 
acresj/bomb  X  555,700  bombs  gives  99,732  acres  bombed  and  in  bare  land  for  the 
y-ar .  The  amount  of  land  in  craters  was  found  by  multiplying  58.8%  times  the 
area  of  total  craters  15,358  acres^  giving  9,030  acres  in  craters. 

Flew-  14.  Craters  in  Natural  Succession.  . . ~ . . . 

This  is  a  very  difficult  number  to  judge  -  the  actual  crater  in  most  cases 
does  not  disappear  from  the  landscape  but  to  some  extent  will  remain  a  permanent 

* Based  as  a  flow  down  of  ICO  ft.  diameter  (Aviation  Waek  and  Space  Tech ,11/29/65) 

•*Brses  a  crater  size  of  3  ft.  in  diameter  (Westing,  1972)  and  (Aviation  Wk. 
and  Space  Tech,  Nov.  29,  1965.) 

tBased  on  a  blowdown  of  100  ft.  in  diameter  .rou  (Aviation  Wk.  s  Snace  Tech, 

Nov.  29,  1965.) 

**Based  on  a  crater  size  of  30  ft.  in  diameter,  (Westing  1971)  (Aviation  Wk  & 

Space  Technology,  No.  29,  1965.) 
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feature  (Orians  1970).  However,  there  is  noticeable  filling  from  soil  wash 
down,  and  in  some  cases  aquatic  systams  (where  the  crater  remains  wet  year 
s  ound),  are  present  after  approximately  one  y'.er  (Pfeiffer,  1971).  Where 
these  craters  are  in  agricultural  areas  they  become  practically  unusable  except 
for  irrigation  purposes;  there  also  have  been  some  reports  that  craters  have 
been  used  for  fish  ponds  in  forest  regions.  The  return  to  its  former  state 
is  a  3low  process  indeed,  starting  with  some  grasses  (Imneratal  and  eventually 
supporting  same  woody  brush,  vines  and  bamboo.  It  is  therefore  assumed  that 
the  successional  rate  of  craters  is  approximately  .01%  for  lack  of  any  real 
data.  This  means  that  .001%  per  year  of  existing  craters  are  retained  to  this 
natural  productivity  or  .001  X  15,358  acres  of  craters  -  15.36  acres  in  1965-66 
were  returned  to  their  natural  state,  or  some  other  productive  state  useful  to 
man. 

Flow  15.  Agriculture  Land  Rome  Flowed. 

This  value  is  zero  (0);  Rome  plowing  was  started  in  early  1968.  However, 

In  later  users  this  was  calculated  in  the  following  manner. 

Flow  16.  Forest  Land  Rome  Plowed. 

Again  this  value  for  1965  is  Zero  (0);  started  in  1968,  hcweve-,  In  later 
years,  this  value  was  calculated  in  the  following  manner. 

Flow  17.  Forest  Land  Herbicided. 

tn  1965  155,610  acres  of  forest  land  were  sprayed  ("Impact  of  Viet  Nam 
War”),  this  value  Includes  mangrove  land  sprayed,  thus,  from  official  department 
of  Defense  Spray  Flight  overlays  it  was  determined  that  3,779  acres  of  mangrove 
was  sprayed  leaving  a  total  of  151,831  acres  of  upland  forest  sprayed. 

Flow  18.  Agriculture  Land  Herbicided. 

Agriculture  land  area  by  yaar  that  h3j  been  sprayed:  90%  was  ass'imed  to 
be  defoliated  and  unusable  for  the  entire  year  for  several  reasons.  First, 
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because  farmers  may  have  abandoned  field;  second,  defoliation  occurring  late 
in  the  frowiag  season,  and  third,  to  compensate  for  any  error  due  to  second 
applications  in  certain  areas.  Thus,  for  1965  -(6.60  X  10^  acres) (90%)  -  5.94 

4 

X  10  acres. 

Flow  19.  Mangrove  Land  Herbicided. 

This  figure  was  measured  off  of  official  Department  of  Defense  Spray  Flight 
overlays,  (see  Qio-Bareland  for  explanation.}  Area  was  3,779  acres. 

Flow  20.  Bareland  in  Natural  Succession. 

Of  the  total  bareland  in  storage  in  any  one  year,  the  flow  back  into  forest 
land  by  natural  succession  is  calculated  in  the  following  manner J of  the  forest 
land  defoliated  that  year  0.02  returns  to  forest^  of  the  forest  land  defoliated 
the  year  before  (2  yrs  previous)  2.82  returns  to  forest  of  that  defoliated  3  yrs 
previous  8.82  returns  to  forest,  of  that  defoliated  4  yrs  previous  13.42  returns 
and  that  5  yrs  pervious  172  returns,  of  that  6  yrs  previous  72.82  returns;  it 
was  also  assumed  that  102  of  agriculture  land  sprayed  started  into  succession 
because  of  abandonment.  The  bare  land  in  natural  succession  for  1965  was  as 
follows. 

1962  Forest  Spray  total  20  km2  (202  killed)  »  4  km2  X  13.42  ■  .54  km2 

1963  Forest  Spray  total  100  km2  (202  killed)  *  20  lor2  X  8.82  **  1.76  km2 

1964  Forest  Spray  total  338  km2  (  202  killed)  -  67.6  km2  X  2.82  -  1.89  km2 

1965  Forest  Spray  total  630  km2  (202  killed)  *»  126  kn^  x  02  *  0  , 

1965  Agriculture  spray  267  km2  (202  killed)  «  240.3  km^  X102"  24.0  km2 

Flow  21.  Bare  Mangrove  Land  Returning  to  Seeded. 

It  was  assumed  that  .052  of  the  total  in  any  one  year  of  bare  mangrove  land 
was  returning  to  seeded.  Thus,  for  1965  there  was  51.3  kmr  of  mangrove  land  bare 
and  in  that  year  .052  of  .026  km2  (6.34  acres)  returned  to  seeded. 
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Flaw  22.  Bare  Land  Returning  to  Agriculture. 

Here  it  is  assumed  that  852  of  agricultural  land  killed  remains  fallow  for 

one{  year  only,  then  it  is  returned  to  planted  land,  and  that  52  of  bare  forest 

land  is  reclaimed  as  agriculture. 

10,374  acres  sprayed  in  1964  (652)  -  8,817.9 

113,126  acres  sprayed  in  1965  (52)  »  5,656.3 

14,474.2 

Flows  23,  25,  26,  and  27.  "Land"  converted  to  Urban  Land. 

It  has  been  estimated  by  A.I.D.  that  the  urban  populations  of  South  Viet 

Nam  have  grown  from  15  to  30  percent,  and  that  the  populations  of  Saigon  and 

Danang  together  swelled  by  about  1  million  persona  in  5  years.*  It  is  assumed 

tha(  urban  population  has  grown  by  30  percent  during  the  6  year  period  (1965-70) 

at  ^  constant  rate  of  52  per  year.  It  is  further  assumed  that  urban  structure 

growth  during  this  time  is  proportional  to  population  growth.  Therefore,  if  the 
1  4 

urban  land  area  was  2.47  X  10  acres,  then  52  growth  per  year  will  add  1,235  acres 


per  year  to  South  Vietnam  urban  areas. 


Flow  28.  Agriculture  Structure  Bombed. 

Aa  calculated  for  Flow  12,  agriculture  alnd  bombed,  31,100  acres  were  cleared 
by  bombing  in  1965.  The  structure  per  acre  was  calculated  as  975.1  kgm/acre. 

Thu^,  the  structure  destroyed  is  calculated  as  the  number  of  acres  cleared  multi- 

I 

plied  by  the  structure  per  acre. 

I  For  1965:  (31,100  acres) (975.1  kg/acre)  -  3.03  X  102  kg. 

Flow  29.  Forest  Structure  Bombed. 

Calculated  in  the  same  manner  as  Flow  28,  using  3.5  X  104  g/m2  (see  explana¬ 
tion  for  Qg)  as  the  structure,  and  99,732  acres  as  the  area  cleared  (see  explana¬ 
tion  for  Flow  13). 

j  For  1965  (3.5  X  104  g/m2) (99,732  acres)  (4047  m2/acre)  -  1.41  X  1010  kg. 


i 
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Flow  30.  Agriculture  Structure  Rome  Plowed. 

Plowed  area  multiplied  by  structure/acre  (975.1  kg/acre).  For  1905  -0- 
Rome  plowing  was  started  in  1968. 

: —  ~  Flow  31.  Forest  Structure  Rome  Plowed. 

/  2  2 

Area  cleared  multiplied  by  structure/acre  (3.5  X  10  g/nT)(4047  m  /acre) 

“  1.42  X  105  kg/acre. 

|  For  1965  -0-  Rome  plowing  started  in  1968. 

'  Flow  32.  Forest  Structure  Lost  Dv»  to  Defoliation. 

t 

j  Area  sprayed  (151,831  acres) (see  Flow  17)  multiplied  by  20Z  kill  based  on 

'■  explanation  for  Q9.  Based  on  an  initial  standing  crop  of  3.5  X  10^  g/m2,  the 

structure  lost  can  be  calculated  by  multiplying  the  area  killed  by  standing  crop. 
For  1965  -  (151,831) (20X) (4047) (3.5  X  101  kg/a2)  -  4.31  X  109  kg. 

Flew  33.  Agriculture  Structure  Defoliated. 

The  area  sprayed  times  90X  (see  explanation  for  Q^q)  multiplied  by  standing 
»  i  crops  of  917  kg/acre. 

)  For  1965  -  65,949  (.90) (9.71  X  102)  -  5.95  X  107  kg. 

j 

;  j  Flow  34.  Mangrove  Structure  Defoliated. 

Area  of  mangroves  sprayed  multiplied  by  90S  (representing  the  kill  rate) 

i  and  this  multiplied  by  the  figure  for  standing  crop.  -  -  - 

i  For  1965  (3779  acres) (4047  m2/acre) (902) (5.0  X  102  kg/m2)  -  6,9  X  10^  kg. 

*  Flow  35.  Energies  of  woodcutters  to  cut  wood. 

This  value  is  derived  from  the  mean  value  for  total  energy  expenditures  of 
;  5.908  kcal  per  minute  given  by  Fsrtung  and  Raets  (1968).  Assuming  that  a  wood- 

t  . 

\  cutter's  work  day  is  10  hours,  his  expenditure  is  then  5.908  kcal/min  X  360  min.  » 

t 

j  2160  keal/say, 

i 

! 

i 

i 


j 
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Flow  36.  Forest  Structure  Cut  by  Wood  Cutters. 
Data  not  available 


Flow  37.  Dead  Forest  Wood  Cut  by  Wood  Cutters. 
Data  not  available 


Flow  33.  Mangrove  Structure  Cut  by  Wood  Cutters, 
Data  not  available 


Flow  39,  Dead  Mangrove  Wood  cut  by  Wood  Cutters. 
Data  not  available 


Flow  40.  Goods  bought  by  Wood  Cutters 


Data  not  available 


Flow  41.  Goods  Exported  from  South  Vietnam. 

From  the  "Vietnam  Statistical  Yearbook,"  p.  192.  Weight  of  imports  and 
exports  by  country  -  the  total  for  1955  war  1  77  X  105  metric  ton3.  This  value 
is  derived  from  the  sale  of  licenses,  so  it  may  of  off  as  much  as  10%  either  way. 
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Flow  42.  Wood  for  Charcoal  and  Lumber  to  the  City. 


Data  not  available 


Flor  43.  Natural  Energies  to  Natural  Systems. 

The  sum  of  the  natural  potential  energies  of:  Rivers  (644  X  10-^2  kcal/vr) ,  tides 
(152  X  1012  kcal/yr) ,  rain  as  runoff  (119  X  1012),  thermal  heating  (1680  X  1012  kcal/vr). 
wind  absorption  (52  X  1012  kcal/yr),  and  the  chemical  potential  energy  as  gross 
photosynthesis  ecological  systems  (1312  X  1012  kcal/yr).  Total  for  1965  is  3959  X  10 1^ 
kcal/vr- 

Flow  44.  Money  to  South  Vietnam  from  Outside  Sources. 

Obtained  from  "Annual  Statistical  Bulletin  No.  14,"  p.  11.  Table  III  - 
Balance  of  Pyaments  -  1962-1970  under  official  aid  (sub-heading  E).  Total  for 
1965  $264.8  million.  This  value  includes  official  grants,  U.S.  Govt,  holdings 
of  disasters  and  official  loans. 

Flow  45.  Money  in  exchange  for  outside  energies. 

Obtained  from  "Annual  Statistical  Bulletin  No.  14,"  p.  9.  Table  I  - 
Foreign  Trade  Summary  1958  -  1970,  ur.^er  GVN  financed  imports  for  1965,  $85.4  million. 

Flow  46.  Money  to  Wood  Cutters  for  Wood. 

Data  not  available 

Flow  47.  Money  from  Woodcutters  to  City  in  Exchange  for  Goods. 


Data  not  available 


V 
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Flow  48.  Money  in  Exchange  for  Exported  Goods. 

Obtained  froo  "Annual  Statistical  Bulletin  No.  14,"  p.  11.  Table  Til 
Balance  of  Payments  -  1962-1970  under  subheading  A.  Exports  -  1965,  $40. 5  million. 

Flow  49.  NVN  Sources. 

Data  not  available. 


Flow  50.  Abandoned  and  Agriculture  Land. 

This  value  was  calculated  by  knowing  the  land  area  that  was  supposed  to 
be  in  Agriculture  for  the  following  year  and  the  amounts  that  flowed  out  during 
the  present  year.  In  each  case  the  land  areas  that  were  lost  due  to  herbicides, 
bombing  and  Rome  plowing  did  not  account  for  enough  loss  when  compared  to  total 
land  planted  in  the  following  year  (Vietnam  Statistical  Yearbook).  Thus,  some 
land  was  lost  to  agriculture  production  due  to  movement  of  people  off  the  land. 
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APPENDIX  B 

Calculation  of  Disordered  Lands  by  Year 

.j 

1.  Bombing . 

■ "  ; '  ■  . . . ”/ 

In  the  6  years  from  1965  to  1970,  5,556,100  tons  of  air  munitions 

and  128,500  tons  of  sea  munitions  were  expended  (Impact  of  the  Viet  Nam 
War,  1971).  For  the  purposes  of  the  model  and  lack  of  sufficient  data  it 
was  assumed  that  75Z  of  the  air  munitions,  only,  were  car able  of  produc¬ 
ing  craters  equivalant  to  that  of  a  500  pound  bomb  (30’  in  diameter)  with 
a  blow  down  (bleared  area)  of  100'  in  diameter  (Pfeiffer,  1971).  This  is 
probably  an  over  estimate  of  the  number  of  500  pound  bombs  dropped.  How¬ 
ever,  when  compared  with  all  crater  producing  munitions,  the  calculated 
cratered  area  is  conservative  at  best.  Wtih  these  calculations,  then, 
16,668,000  five  hundred  pound  bombs  were  dropped  on  South  Viet  Nam  in  these 
6  years.  This  compares  to  21  million  estimated  by  Westing  and  Pfeiffer 
(1972). 

It  was  assumed  that  the  bombing  was  spread  evenly  throughout  the 
country;  knowing  the  relative  X  of  the  total  area  of  the  country  in  each 
of  the  four  major  land  use  categories  (city  land  .0582;  agricultural  l«d 
17.232;  forest  land  58.82;  mangrove  land  1.62),  the  percentages  of  bombs 
dropped  in  each  of  these  can  be  calculated.  The  number  of  crater  produc¬ 
ing  bombs  dropped  in  each  land  use  category  was  then  multiplied  by  the 
cleared  area  produced  by  one  bomb  (.181  acres).  The  following  table  shows 
year  by  year  totals  for  bombs  dropped  and  cleared  area. 


'V 


YEAR  TOTAL  BOMBS  CITY  LAND  AGRICULTURE  FOREST  LAND  MANGROVE  LAND 

(Cleared  LAND  (Cleared  (Cleared  (Acres)  Yifi4 

_ Acres)  xlO2  Acres)  x.10^ _ Acres'*  xIO^ _ 


1965 

.96 

X 

106 

1.2 

X 

102 

2.9 

10.0 

.28 

1966 

1.5 

X 

106 

2.4 

X 

102 

4.8 

16.5 

.45 

1967 

2.8 

X 

106 

3.2 

X 

102 

8.8- 

30.0 

.83 

1968 

4.3 

X 

106 

4.7 

X 

102 

13.4 

46.0 

1.26 

1969 

4.2 

X 

106 

4.5 

X 

102 

13.0 

44.0 

1.22 

1970 

2.9 

X 

106 

3.3 

X 

102 

9.1 

31.0 

.86 

2 .  Herbicides . 

In  the  six  years  from  1965  through  1970  a  total  of  5,092,228  acres  of 
forest  and  1,035,882  acres  of  cropland  have  been  sprayed.  Of  the  5.1 
million  acres  of  forest  sprayed  406,140  acres  were  mangroves*.  The  acres 
of  defoliated  land  for  each  land  use  category  vere  calculated  in  the  follow¬ 
ing  manner: 

First,  Agriculture  land  sprayed  was  assumed  to  be  90Z  defoliated  for 
that  year  (assuming  that  seme  land  might  be  replcnted  in  that  year)  and  the 
following  year  the  land  wai  replanted.  Thus,  only  one  year’s  yield  is  lost. 
Second,  forest  land  area  sprayed  was  assumed  to  be  20Z  defoliated  based  on 
statements  from  Meselson  .££  .  (1970)  that  "some  estimates  indicate  that 

one  out  of  every  eight  or  ten  trees  is  killed  by  a  single  spraying  and  that 
50  to  80  percent  are  killed  in  areas  where  more  than  one  spraying  has  occurrad . 
Therefore,  a  conservative  estimate  of  20Z  killed  was  assumed.  Third,  90Z 
of  Mangrove  land  sprayed  was  defoliated  based  on  statements  by  Tschirley 

*This  area  was  measured  on  official  Dept,  of  Defense  herbicide  spray- 
run  maps,  scale  of  1:1,000,000;  year  by  year  totals  for  Mangrove  land  sprayed 
are  as  follows:  1965  -  4700  acres;  1966  -  96,330  acres;  1967  -  197,600  acres, 
1968  -  68,666  acres;  1969  -  90,155  acres;  1970  -  11,609  acres. 
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(1969)  that  Mangroves  are  particularly  susceptible  to  defoliants  and  that  one 
application  et  the  normal  rate  employed  in  Viet  Nam  is  sufficient  to  kill 

most  of  the  trees,  and  possibly  because  of  loss  of  seed  source  there  has 
been  little  or  no  reestablishment  of  the  forest.  The  following  table  shows 
the  year  by  year  total  land  herbicided  and  consequently  removed  from  pro¬ 
duction  from  each  of  the  land  use  categories. 


YEAR 

TOTAL  AREA 
HERBICIDED 

10^  ac.ce 

CITY  LAND 
AFFECTED 

10^  acres 

AGRICULTURAL 
LAND  OUT  OF 
PRODUCTION 

10^  acres 

FOREST  LAND 
OUT  OF 
PRODUCTION 
10^  acres 

MANGROVE  LAND 
OUT  OF 
PRODUCTION 

10^*  acres 

1965 

22.2 

.4 

6.5 

3.0  * 

.42 

1966 

84.3 

1.5 

10.2 

13.0 

9.6 

1967 

170.8 

2.8 

22.1 

26.0 

19.8 

1968 

133.1 

2.6 

6.4 

24.0 

6.9 

1969 

128.7 

2.4 

6.6 

22.6 

9.0 

1970 

25.3 

.6 

3.3 

4.2 

1.2 

3.  Rome  Plowing  Operation. 

With  available  information  350,000  acres  of  fore3t  land  were  estimated 
t.a  being  cleared  from  1968  to  1970  by  the  Rome  Plow  Operation.  Westing  And 
Pfeiffer  (1971  and  1972)  have  calculated  the  area  of  plowed  land  at  approxi- 

M 

nlately  750,000  acres.  They  further  estimate  that  of  this'126,000  acres  (were) 
of  prime  tiaberlanda  accessible  to  lumber  operations,  and  2,500  acres  qf 
producing  rubber  trees."  Th'ise  figures  do  not  include  prime  timber  land 
that  is  not  accessible  to  lumber  mills  but  contributes  to  the  total  energy 
budget  of  South  Viet  Nam.  It  was  assumed  that  350,000  acres  of  forests  and  90,000 
acres  of  agricultural  land  wore  cleared  by  the  Rome  Plow  Operation.  The  land 
areas  cleared  each  year  were  assumed  to  be  equal,  because  it  was  assumed  the 
operation  proceeded  at  a  constant  rate. 


/ 

YEAR 

AGRICULTURE 

LAND 

10^  acres 

FOREST 
LAND  , 

10^  acres 

1968 

3.00 

11.66 

1969 

3.00 

LI. 66 

1970 

3.00 

11.66 

Appendix  C 


Imports 

1965 

2,159 

1966 

2,423 

1967 

2,269 

1968 

2,387 

1969 

3,469 

1970 

3,358  * 

(thousands  of  metric  tens) 


3200 


2800- 
2400  - 


2000  -i 


/ 

~T 


t — i — i — r 

64  65  66  6?  68  69 


"VIETNAM 

STATISTICAL 

YEARBOOK 

1970" 

1 


70 


to 

South  Vietnam 

(thous 

1966 

1.005  2> 

1.2- 

1967 

0.862  2 

• 

1968 

1.062 '* 

0.8- 

1969 

U28'- 

- 

1970 

1,210 

0.4- 

I. "VIETNAM  STATISTICAL  YEARBOOK  1970 
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l - 1 - 1 - 1 

64  65  66  67  68  69  70 


1967-  1968' 


Money  Spent  for  Goods  3  Fuel  by  Vietnam 

(inport  arrivals)  (millions  U.S.  $) 
800- 
600- 
400- 
200- 
0  I- 


1965 

387.7 

1966 

607.2 

1967 

744.0 

1968 

707.5 

1969 

837.7 

1970 

715.1 

"ANNUAL  STATISTICAL 
BULLETIN  NO.  14" 


T - 1 - 1 - 1 - 1 - 1 
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Structure  Destroyed  by  War  (thousands  of  acres) 


1965  2.12 

1966  7.34 

1967  12.12 

1968  12.87 

1969  8.89 

1970  4.54 

*  Only  six  month  figures  were  given 
for  these  years,  so  figure  was 
double.'  for  year  total. 
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7.  Simplified  Simulation  Model  of  Vietnam 
and  the  Impact  of  Herbicides 


Zucchetto 


In  Fig.  1  is  a  simplified  version  of  the  more  complex  model  of  Vietnam 
given  in  Section  6.Fig.  1  has  agriculture,  non-human  ecosystems,  and  urban 
settlements  that  depend  on  outside  sources  of  natural  energies,  purchase  of 
fuels,  purchase  of  goods  and  services  inputs,  inflow  of  money  with  U.S.  aid, 
inflow  of  war  equipment  and  disruption  of  war  equipment  by  communist  energies. 
The  model  has  the  feedback  of  disrupted  structures  to  a  storage  of  disordered 
perts  (e.g.,  land  destroyed  by  bombs  and  herbicides)  that  react  with 
available  energies  to  produce  net  structure.  Table  1  has  a  translation  of 
the  equations  in  Fig.  2  which  mathematically  describe  the  system  configuration 
in  Fig.  1. 

From  the  data  that  were  assembled  for  the  larger  descriptive  model, 
storages  and  flow  rates  were  estimated  and  these  were  used  for  the  pathway 
coefficients  as  given  in  Tables  1  and  2.  The  scaled  equations  are  given 
in  Table  3  along  with  the  scaling  factors  in  Table  4. 
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General  Equations 

Ql  «  s  +  KoQ2  -  KjQlCW  -  KlQl  -  K3lQlH  -  K2  QiQ2M 

Q2  -  K4M  +  K5CW  (Qx  +  Q3  +  Q4)  +  K21H  (Q3  +  q3)  -  KgQjQjM 

Q3  "  K7Q1Q2M  “  K8C*3CW  -,K8Q3  -  K30Q3H 

V'uW-Wr'uV  Jif1 

«  -  tx.q.  +  A  -  Kl5M  -  +  u 


Table 
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Footnotes  for  Table  1  (Continued) 


Assume  50X  of  agricultural  land  replanted.  Thus, 

K8Q3CW  -  0.5  [3.1  x  104  +  5.94  x  104]  «  4.5  x  104  acrea/yr. 

Ecosystem  lands  destroyed: 

K^CW  -  0.05  [(9.03  +  150)  x  103]  -  7.95  x  103  acres /yr. 

War  appropriations  from  U.S.: 

W  *  $200  million 
O.  S.  aid: 

A  *  $250  million 

Purchased  Input  amounts  to: 

K4M  =  $50.3  million 

Amount  of  structure  destroyed: 

K«jCW  [Q^  +  +  Q4I  =  40  x  103  -^cres/yr. 

Amount  of  money  flowing  In  due  to  sales: 

Kl4Q3  =  $40.5  million 

The  amount  of  money  flowing  out  to  purchase  goods  and  fuel: 

(K15  +  K16)M  =  9JJ0-5  Kl6M  3  $80.5  million 

Bare  land  returning  to  agriculture: 

K6^1^2M  =  * 000 

Amount  of  natural  land  changing  into  urban  land: 

K^QjQ.jM  3  1235  acres/yr. 

Amount  of  natural  land  converted  into  agricultural  land: 

K7^i^2M  3  acrea/yr- 

Rural  destruction: 

4 

KgQ-jCW  3  4.5  x  10  acrcs/yr. 

Rate  of  return  of  disordered  land  to  natural  land: 

4 


Footnotes  for  Table  1  (Cone.) 


Ecosystem  destruction  due  tc  herbicide: 

^31^1^  ~  x  acres/yr. 

Agricultural  land  destroyed  jy  herbicide: 

*“30^3^  ~  5.94  x  10**  acres/yr. 

i 

. 

Total  herbicide  destruction: 

*21^^1  +  ^2  +  ^4^  s  21  x  10^  acrea/yr. 

Urban  bomb  destruction: 

^23 Q^CW  =  890  acres/yr. 

Total  bomb  destruction: 

K5CW  (Qx  +  Q3  +  Q4)  *  |40  x  103  acres/yr. 

Total  ecosystem  transformation  into  rural  and  urban: 
hW  a  1235  +  5600  *  6835  acres/yr. 

Assume  approximately  23  recycle  into  Q2  from  and  Q4 


Table  2 


Coefficient  values: 


K  = 

0.05 

0 

-3 

k2  - 

0.355  x  1C  J 

-8 

*3  * 

0.373  x  10 

*4  3 

0.179 

-7 

s  3 

0.136  x  10  ' 

K6  3 

0.104  x  10"10 
-10 

K7  = 

0.0403  x  10 

K8  = 

5.55  x  10  ° 

Kll3 

0.0092  x  10"10 

K133 

32.5  x  10-* 

-6 

*14  = 

5.54  x  10  ° 

*15  3 

0.179 

*16  3 

0.286 

-2 

*21  3 

0.79  x  10 

-2 

*30  3 

0.812  x  10  * 

*1  3 

*9  3  *12  3  °’° 

Table  3.  Scaled  Equations 


Table  4 


.ft 


is. 


Scaling  Factors 


30  x  106 

Q, 

4. 

7 

10 


C 

2  x  103 


W 

6  x  103 

H 

1 


q4cw 

12  x  10 


12 


*^1 

30  x  1017 


V 

30  x  106 

*>2 

1011 

V 

irj 


Q3CW 

12  x  1013 


QXCW 

12 

360  x  10±z 


Results  of  Computer  Runs 


In  the  first  run  (Fig  5)  the  systeir  was  not  pulsed  with  a  5-year  input 
of  herbicides.  As  can  be  seen  from  Fig.  5  the  various  state  variables  in  the 
model  eventually  achieve  i  steady  state  value,  the  urban  sector  taking  the 
longest  to  achieve  steady  state.  Notice  in  Figs.  6  and  7  that  the  effects  of 
a  5-year  herbicide  pulse  or  a  double  intensity  10-year  herbicide  pulse  produce 
perturbations  in  the  system  variables  during  the  first  10-15  years,  a  time 
during  which  the  rates  of  change  are  different  than  in  Fig.  5.  The  system 
has  enough  inherent  stability  to  damp  out  the  perturbatipns  and  to  eventually 
proceed  to  similar  steady  state  values  irregardlesa  of  whether  there  was  a 
herbicide  pulse.  The  interesting  question  arises  as  to  the  limits  of  herbicidal 
disordering  and  destruction  beyond  which  the  system  would  not  recover  and  a 
completely  new  steady-state  situation  would  result.  Of  course,  the  stability 
and  recovery  of  the  system  are  linked  to  the  input  of  natural  energy  (solar  to 
photosynthetic  growth)  and  fossil-fuel  and  resource  energy.  Without  these 
order-directing  pathways  the  system,  under  intense  destructive  energies,  would 
end  in  disorder  with  a  much  slower  recovery  rate. 

Fig.  8  presents  results  under  the  assumption  that  there  is  no  flow, 
from  (disordered  parts)  to  (natural  ecosystem).  This  situation  might 
arise  if  a  political  decision  is  made  to  develop  the  devastated  natural  areas. 

The  system  recovers  to  the  same  steady-state  values  as  before  except  for 
ecosystem  lands  which  end  up  at  a  lower  value  (app.  162  lower).  It  is  interesting 
to  notice  in  all  the  graphs  that  urban  development  follows  a  kind  of  pseudo-logisti 
curve  even  though  there  is  only  a  linear  depreciation  outflow  and  a  constant 
yearly  rate  of  energy  input  (U.S.  aid).  The  question  arises  as  to  what  kind  of 
growth  will  arise  if  there  is  a  square  term  depreciation  outflow  from  Q^, 
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i.e.,  that  the  costs  of  maintaining  a  complex  system  at  some  level  increase  as 

the  square  of  the  interactions  among  the  parts.  Fig.  11  illustrates  the 
2 

response  with  a  KQ^  outflow  from  the  storage. 

Since  the  development  and  recovery  of  the  system  ia  so  dependent  on 
U.S.  aid,  i.e.,  on  fuels  and  resources,  it  is  interesting  to  look  at  the 
response  of  the  system  under  different  levels  of  subsidy.  In  Figs.  9  and  10 
are  the  results  for  urban  and  agricultural  growth  for  three  different  levels 
of  U.S.  aid.  As  can  be  seen  there  is  not  a  linear  correspondence  between 
U.S.  aid  and  growth.  In  fact,  there  seems  to  be  a  process  of  diminishing 
returns  taking  place  in  that  the  percentage  increase  in  growth  is  decreasing  with 
equal  increments  of  U.S.  aid.  This  effect  was  definitely  seen  for  the 
agricultural  growth  in  that  there  was  virtually  no  ch»nga  between  10  times  and 
30  times  the  base  level  of  U.S.  aid.  Both  Figs.  9  and  10  assume  that  there  is 
no  natural  recovery  from  to  Q^. 


Perspective  in  Comparison  of  Herbicide  Impact 
with  Other  Disruptions 

! 

Examination  of  the  simulation  curves  suggest  magnitudes  of  impact  of  the 
herbicide  spraying  period  on  the  total  energy  flow  of  the  Vietnam  system.  As 
shown  in  Fig.  6  the  percentage  |of  energy  lost,  as  a  fraction  of  the  area  under 
the  disordered  parts  curve  until  steady-state  is  reached,  is  approximately 
5-6%.  The  impact  of  herbicides  exerts  a  short  range  effect,  damping  out 
within  a  period  of  5  years,  as  long  as  foreign  aid  is  stimulating  reordering. 


8.  A  SIMPLIFIED  SIMULATION  OF  TEE  IMPACT  OF  HERBICIDE  AND 
WAR  CN  PRODUCTIVITY  IN  VIETNAM 
C.  SWALLOWS 

The  destruction  caused  by  war  has  a  functional  reln- 
tlonship  with  those  materials  which  hare  not  been  affected 
nor  destroyed.  In  energy  terms,  the  stress  of  war  upon 
structure  creates  disordering  energies  which  Interact  with 
ordering  energies  to  assist  the  reestablishment  of  order. 
For  example,  natural  biodegradation  processes  generate 
nutrients  from  the  organic  matter  of  fallen  trees  which 
will  assist  In  the  fertilization  of  the  soil  for  the  bene¬ 
fit  of  future  trees  and  other  plant  life. 

The  disordering  energy  in  effect  catalyzes  the  order¬ 
ed  energies  directed  to  fora  new  structure.  This  formation 
of  new  structure  Is  a  function  of  the  rate  of  catalyzation 
which  In  turn  Is  a  function  of  the  quantity  of  the  disorder 
generated  and  the  ordered  energy  available  for  the  cata¬ 
lytic  process. 

A  basic  model  of  the  Vietnam  conflict  la  shewn  in 
Flo-,  l.  It  depicts  basic  Interactions  aaong  the  various 
components  of  war,  structure,  disorder,  and  ordered  energy. 
The  application  of  stress  upon  the  structure  will 
obviously  decrease  the  quantity  of  the  structure,  but 
what  effects  does  the  stress  have  upon  recovery  time  and 
the  steady-state  levels? 


Figure 
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In  the  agrarian  system  of  Vietnam,  the  productivity  of 
forest  land  and  agricultural  land  has  been  a  pr.'mary  basis 
for  that  society.  What  was  the  quantitative  role  of  herbi¬ 
cide  in  forest  and  agricultural  productivity?  How  long 
were  lands  rendered  unproductive?  How  fast  were  repair 
mechanisms  released?  How  rapidly  were  bared  lands  and 
released  nutrients  accelerating  successions  and  regrowth? 

In  this  section  two  models  are  evaluated  and  simulated 
to  suggest  regiowth  patterns  for  the  forests  and  agricul¬ 
tural  uplands  of  Vietnam. 

Productivity  Model  One 

The  model  shown  In  fig,  1.  is  a  macroscopic  view 
of  the  Vietnam  conflict  which  depicts  the  order-disorder 
symblotio  process.  In  order  to  simplify  the  complex  inter¬ 
actions  within  productivity,  the  available  agricultural  and 
forest  acreage  was  lumped  into  a  single  storage  without 

consideration  of  spatial  relationships.  The  forcing _ _ 

functions  which  contributed  to  the  growth  and  stability 
were  natural  energy  and  included  some  fossil  fuel  subsidies 
to  the  rural  economy.  These  forcing  functions  are  shown 
interacting  with  the  disordering  energy  to  reestablish 
disordered  land  to  productive  land.  Exports  provide  in¬ 
come  and  the  model  assumes  constant  price;  earnings  go 
for  fuel.  Financial  subsidies  from  the  United  States  are 
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shown  further  subsidizing  natural  energy. 

The  warring  factions  act  as  two  large  energy  sources 
which  natch  each  other  in  the  model  as  to  the  power  they 
send  into  the  war. 


Differential  Equations! 


V  »  N  ♦  KiQH  -  K$Wa  -  KVV  -  Xl3V 
E  =  K4V  -  K?E 


D  -  K8Ma  -  K<jMD 
M  «  K^A  +  K6E  -  KpM 


»o  -  C  '  KiWoWA 


WA  ,  A  -  K2WaWc 


Numbers  used  for  scaling  are  given  on  the  energy  flows 
shown  in  Pig.  1  as  obtained  froa  the  following  Table  1. 
Th'.jse  numbers  indicate  the  quantities  which  have  flowed 
from  the  sources  to  the  storages  or  fiom  the  storages  to 
another  storage. 

Noue  that  Tables  2  and  3  are  footnote*’,  of  Table 
4.  These  tables  indicate  the  scaling  procedure  followed 
for  this  model.  Table  4  .'•howa  the  results  of  the  scaling 
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Table  1* 


Flow 

Type  of  Flow 

Quantity 

Source 

1 

U.S.  aid  to  Vietnam 

5  x  1012kcal 

'Annual  Statistical 
Bulletin  #14’ 

2 

Money  spent  for  fuel  by  Vietnam 

8.5  x  1012kcal 

'Annual  Statistical 
Bulletin  #14' 

3 

Fuel  to  Vietnam 

1.62  x  1010kcal 

Vietnam  Statistical 
Yearbook 

4 

Herbicide  destruction  of  land 

21  x  lO^acres 

Impact  of  Vietnam  War 

5 

Exports 

2  x  108Kg 

Vietnam  Statistical 
Yearbook 

6  4  7 

U.S.  war  appropriations  and  effort 

23  x  1013kcal 

Impact  of  Vietnam  War 

8 

Herbicide  application 

2.4  x  1013kcal 

Impact  of  Vietnam  War 

9 

Communist  war  eflort 

8  x  1012kcal 

10 

Natural  energy 

2.45  x  1015kcal 

** 

‘Numbers  were  derived  from  data  paper  by  Marie  Brown  (Part  6) 


“For  flow  10:  Insolation: 

(4°00  kcal/m^/day )  (4000  »2/acre)(6  x  104  acres)  (365  days/y-ar) 

*  3*5  x  tO1*  keal/year 

Gross  productln  of  disturbed  cover  Is  approximately  1%  of 
insolation.  Therefore,  3.5  x  lo"13  L'cal/year. 

For  one  acre  of  vegetation  order: 

(10,000  keal/m2) (4000  a2/acre)  *  4  x  10^  keal/acre 

Turnover:  _J, 5  x  lO1^  kcel/vear 

4  I  107  lceal/aor.  -  0. 9  I  108  a=rs/„.r 

therefore,  the  turnover  rate  is  approximately 


once  per  year 


249 


Table  4 


Pot 

Setting 

Address 

11 

0.08  (10) 

C 

12 

0.386 

*11 

13 

0.023  (10) 

A 

14 

- 

Upper  Limit 

15 

0.5  (10) 

K1 

16 

0.12  (10) 

k2 

21 

0.22  (10) 

K3 

22 

0.2  (10) 

h 

23 

0.2 

K10  . 

24 

0.04  (10) 

K8 

25 

0.1  (10) 

K13 

26 

C.3 

K9 

31 

0.4 

K5 

32 

0.  002 

K 

V 

33 

0.002 

K4 

34 

0.01  (10) 

K7 

35 

0.01 

K6 

36 

0.01  (10) 

N 
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The  graphs  resulting  from  simulations  are  shown  In 
Figures  3,  4,  and  5,.  _ 

Since  the  starting  condition  was  calculated  with  a 
steady-state  diagram.  Fig.  3  shows  a  constant,  steady- 
state  quantity  of  acreage  available  for  production  without 
herbicide  and  war.  The  steady-state  quantity  is  approxi¬ 
mately  0.4  x  10^  acres  and  the  financial  status  of  the 
country  remains  low. 

Fig.  4  depicts  the  effects  of  herbicide  defolia¬ 
tion  upon  the  components  when  the  American  war  effort 
steadily  Increases.  The  steady-state  value  for  productivity 
Is  approximately  0.2  x  10^  acres  which  Is  one-half  the 
steady-state  value  observed  In  Fig.  3.  However,  the 
capital  in  the  country  has  Increased  due  to  the  financial 
aid  given  by  the  United  States.  There  is  more  money  per 
capita  relative  to  less  production.  Therefor®,  a  higher 
standard  of  living  accrues  as  result  of  the  war  if  suoh 
available  monies  aro  distributed  among  the  citizens. 

Fig.  5 - shows  the  transition  to  a  new  steady- 

state  with  a  oonstant  level  of  war  effort.  Herbicide 
applications  reach  steady  state  levels  rapidly  due  to  the 
constant  American  war  effort.  Note  that  the  response 
time  for  herbicide  Is  about  i.2  years  whereas  the  tran¬ 
sition  period  for  productivity  is  about  three  years.  Thi ^ 
lag  denotes  the  length  of  time  in  which  the  herbicide 
damage  reaches  steady-state  with  regrowth. 


T</Me 


Figure  4.  Gradually  accelerating  American  Waz  effort  with  an  upper  limit  of 
1.54  x  io-1-d  keel. 
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Figure  5 
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Con*tant  Asnrlon  Her  Effort  of  1.54  z  10*3  fecal. 
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Productivity  Model  Two 


As  shown  in  the  source  graphs  in  section  B. ,  the 


application  of  herbicide  in  Vi  '.naa  followed  a  five  year 
pulse.  Such  a  pulse  was  siaulated  on  a  slightly  modified 
model  shown  in  Pig,  6.  The  graphs,  shown  in  Figures 
through  11,  predict  the  steady-state  levels  of  the 
various  interacting  components  in  productivity  model  two. 

Pig.  8  shows  the  natural  steady-state  levels  of 
productivity  when  there  is  no  herbicide  application.  The 
values  are  the  same  as  those  in  Pig.  3* 

Figures  9. •  10  and  10A.  show  the  effect  of 

the  five  year  herbicide  pulse  upon  Vietnam's  financial 
status  and  productivity  over  different  time  periods. 

Plgures  10.  and  10A,  also  show  the  resulting  quantities 
of  disordered  land  within  the  system.  Eventually,  disorder 
will  gradually  return  to  zero  but  the  surge  off 
and  the  resulting  new  order-disorder  balance 
the  productivity  to  its  former  steady-st-ate  lejt 
.herbicide  pulse.- fadas.—  Note  that  the  effects 
application  upon  the  basic  productivity  disappear  within 
two  years  in  this  model.  Compare  this  two  year  lag  with 
the  1.8  year  lag  observed  in  productivity  model  one.  The 
recovery  time  is  relatively  fast  considering  the  amount 
of  land  momentarily  rendered  unproductive. 


MRftRATOR 


Figure  7.  Analog  Model. 


in  Pig.  11.  the  herbicide  pulse  width  had  been 
increased  from  five  to  ten  years  to  determine  the  effects 
upon  productivity,  financial  status,  and  disorder.  The 
effect  upon  disorder  is  the  only  noticeable  dissimilarity 
between  Figures  10  and  11.  Intuitively,  disorder 
behaves  as  expected  since  it  Is  created  by  stress  and 
thus  the  longer  the  stress  the  greater  the  disorder. 

The  recovery  time  time  for  productivity  remains  the  same 
although  the  period  In  which  it  is  stressed  had  been 
doubled . 
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Differential  Equations 

W  e  Pulse  Input 
,  H  -  K3W  -  KpM  +  KgV 

V  »  K10K  +  N  -  KVV  -  K5W  -  Kl3V 
D  -  KgM  -  K^D 


i 


Sealing 

The  scaling  In  model  two  Is  essentially  the  same 
scaling  which  was  done  in  model  one  except  for  the 
coefficients  and  Kg.  remained  the  same. 


K3W 


5  x  1012  Kcal 


K3  «  5  x  j^O12  *  0.005 


for  the  pot  setting* 

k3*  (0,00,5?  {\oxl) 


10 


13 


«  0.5  *  0.050(10) 


KrW 


10k  Kcal  Kg  «  2.7  x  104  *  2.7  x  lo"11 


13 


10 


X8‘  - jql^J.Qolfl 


for  the  pot  setting* 

l2. 

105 


0.27  «  0.027(10) 


j 

1 

\ 


J 


Conclusions i 


These  simplified  simulation  models  suggest  that  herbi¬ 
cide  application  greatly  decreases  the  productivity  In  Viet¬ 
nam  but  for  a  relatively  short  period  of  time.  The  resulting 
disordered  lands  interact  with  the  natural  energies  and  the 
subsidizing  energies  to  form  a  relatively  fast  recovery  time 
of  two  years.  The  recovery  time  Is  related  to  the  natural 
turnover  rate  of  once  per  year.  The  amount  of  agricultural 
and  forest  land  rendered  unproductive  In  the  model  during 
the  period  of  herbicide  application  and  the  following  re¬ 
covery  time  reduced  the  productivity  by  8.25^  during  the 
five  years  of  herbicide  application  and  the  two  years  of 
recovery. 

However,  the  financial  assistance  given  by  the  United 
States  generally  Increased  In  the  same  years  as  was  the 
herbicide  applied  to  agricultural  and  forest  lands.  The 
financial  aid  subsidized  the  export  Income.  This  would 
imply  more  capital  per  capita  although  the  productivity  of 
the  country  is  low.  Financially,  the  conflict  In  Vietnam 
stimulated  the  economy  during  these  years  and  the  energies 
purchased  may  have  added  to  energy  subsidies  available  to 
rural  productivity  as  this  model  provides. 

Observations  in  Vietnam  Indicate  some  validity  of  the 
models.  The  recovery  time  of  two  years  observed  In  pro¬ 
ductivity  model  two  is  substantiated  forests  which  were 


/ 
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bombed  several  years  ago  that  have  grown  so  dense  that 
the  bomb  craters  cannot  be  seen  from  the  air.  Also, 
agricultural  lands  which  have  been  sprayed  with  herbicide 
or  bombed  several  years  ago  are  now  producing  crops. 

The  Increased  Influx  of  Imports  during  this  period  of 
herbicide  application  substantiates  the  stimulation  of 
the  economy  of  the  country.  For  example,  a  very  popular 
Import  product  was  motorcycles,. 


9.  Effect  of  Aerial  Application  of  Herbicides 
On  a  Mangrove  Community  in  Southwest  Florida 

Maurice  G.  Sell,  Jr. 


Introduction 

As  asequel  to  the  large  scale  spraying  of  herbicide  in  the  Republic 
of  Vietnam,  Dr.  Howard  Teas  of  the  University  of  Miami  initiated  a  project 
to  study  the  effects  of  aerial  application  of  herbicide  on  a  »<*ngrove  community 
in  southwest  Florida.  He  was  assisted  in  the  actual  spraying  by  Jerry  kelly, 
one  of  his  graduate  students.  Three  sites  were  sprayed  with  Agent  White 
on  December  15,  1973,  and  three  additional  sites  were  sprayed  on  January 
19  1973.  A  study  team  from  the  University  of  Florida  consisting  of 
T.  Ahlstrom,  J.  Bru.d-r,  and  M.  Sell  also  participated  In  this  program  by 
obtaining  measurements  of  parameters  such  aa  tree  diameter,  identification 
of  tree  species  and  whether  they  are  alive  or  det^,  fallen  green  and  yellow 
leaves,  number  of  live  and  dead  seedlings,  and  number  of  snails. 

By  virtue  of  this  spraying  experiment  a  chronological  account  might 
then  be  made  of  the  events  that  occur  following  spraying.  How  long  does  it 
take  for  the  leaves  to  actually  fall?  What  levels  of  herbicide  are  needed 
before  defoliation  is  1002?  What  species  show  the  ability  to  rebound  after 
spraying?  What  changes  occur  in  those  mangroves  not  completely  killed  but 
obviously  stressed?  By  what  means  do  the  mangroves  recolonize  a  sprayed  area? 
Once  the  leaves  have  fallen  due  to  spraying,  how  long  does  it  take  a  tree  to 
die  if  indeed  it  ever  does?  Hopefully^  these  and  other  questions  will  be 
answered  by  this  experiment. 


Methods 

Some  parameters  studied  at  the  Marco  Icland,  Florida  site  included 
number  of  fallen  green  leaves,  number  of  fallen  yellow  leaves,  number  of 
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crabholes,  number  of  coffee  shei.1  snails,  Melampus  coffeus,  number  of  red 

mangrove  and  black  mangrove  seedlings  Chat  were  alive  and  also  number  that 

were  dead.  The  above  parameters  were  counted  in  five  plots  that  each 

2 

measured  20  meters  by  4C  meters  or  800  m  in  area.  The  five  plots  included 
a  plot  in  which  all  the  trees  were  harvested,  a  control  plot  and  three  plots 
that  had  been  sprayed  with  Tordon  101  .  Fig.  1  is  a  map  of  the  sprayed 
sites  in  southwest  Florida.  This  is  a  herbicide  quite  similar  to  one  of 
those  used  in  South  Vietnam.  Herbicide  dosages  for  the  spray  plots  were 
1  1/2  gallons  per  acre  (estimated),  3  gallons  per  acre  (estimated),  and  2.2 
gallons  per  acre  (measured).  In  each  plot  counts  of  the  parameters  were  made 

*■  2  r  l1 

in  each  of  10  areas.  These  areas  were  0.4  m  at  the! 5-week  interval  and 
2 

0.77  m  at  the  20-week  and  33-week  intervals.  Spraying  of  these  plots  was 

done  on  December  15,  1972  with  a  helicopter.  Sampling  dates  were  in 

January,  May,  and  August,  1973,  representing  periods  of  5,  20,  and  33  weeks 

after  the  initial  spraying.  Sample  areas  in  each  plot  were  chosen  at  random 

to  obtain  representative  counts  for  each  parameter  in  a  plot.  Sample  areas 

were  different  at  each  sample  period  so  the  data  did  have  some  scatter. 

Growing  tips  of  young  red  mangrove  trees  were  also  studied  in  each  of  the 

sprayed  plots.  Trees  were  anywhere  from  two  to  six  feet  in  height,  and  the 

'  ^ 

smaller  ones  were  also  required  to  have  branches.  These  trees  were  then 
observed  closely  to  determine  if  the  growing  tips  were  alive  or  seemed  to 
have  been  killed  by  the  herbicide.  Counts  were  then  made  of  trees  with  at 
least  one  growing  tip  and  also  of  trees  that  did  not  Appear  to  have  any  live 
growing  tips.  In  many  instances  the  growing  tip  may  kive  been  killed 
initially  and  new  growth  was  emerging  beneath  the  old  tip  ora  side  shoot. 

This  was  considered  a  live  growing  tip.  . . 

The  three  sprayed  plots  mentioned  earlier  were  studied  in  this  manner  at 
intervals  of  20  and  33  weeks  after  spraying.  Three  other  plots  were  sprayed 
five  weeks  after  the  initial  spraying  at  dosages  of  4.25  gallons  per  acre 
(measured),  6  gallons  per  acre  (estimated)  and  2.4  gallons  per  acre  (measured). 
For  these  plots  the  growing  tips  were  counted  at  intervals  of  15  and  28  weeks 
after  spraying. 

In  each  of  the  sites  sprayed  December  15,  1972.  (10  meters  *  20  meters) 
an  area  equal  to  252  of  the  area  of  each  site  was  mapped  and  the  diameter  of 
each  tree  was  measured.  Live  and  dead  trees  were  also  discerned.  This  mapping 
and  measuring  was  also  done  for  one  of  the  control  sites  but  for  a  larger 
area  (20  meters  x  20  meters).  Mapping  was  done  with  an  allodade  and  a  stadii 
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Legend  to  Figure  1 


C-l  Control  area 

C-2  Control  area 

SP-1  Spray  plot  1  (Uj  gallons  per  acre  estimated) 

SP-2  Spray  plot  2  (3  gallons  per  acre  estimated) 

SP-3  Spray  plot  3  (  2.2  gallons  per  acre  measured) 

SP-4  Spray  plot  4  (4.25  gallons  per  acre  measured) 

SP-5  Spray  plot  5  (6  gallons  per  acre  estimated) 
SP-6  Spray  plot  6  (2.4  gallons  per  acre  measured) 


Figure  1.  Map  of  Sprayed  Areas  and  Control 


rod  (used  to  get  distance  and  direction). 


Results 


Density  of  Green  Leaves 

The  number  of  green  leaves  was  not  deteimined  in  the  clear  cut  plot  at 

five  weeks  after  cutting  and  no  green  leaves  were  observed  at  20  and  33  weeks. 

2 

The  control  plot  had  0.5,  0.6,  and  0  green  leaves  per  m  at  5,  20  and  33 

weeks.  The  plot  sprayed  with  an  estimated  dosage  of  1  1/2  gallons  per  acre 

2 

had  31.4,  0.1  and  0.1  green  leaves  per  a  at  5,  20  and  33  weeks.  The  plot 

sprayed  with  an  estimated  dosage  of  3  gallons  per  acre  had  29.0,  0.8  and  0.1 
2 

green  leaves  per  m  at  5,  20  and  33  weeks.  The  plot  sprayed  with  an  actual 

2 

dosage  of  2.2  gallons  per  acre  had  75.8  green  leaves  per  m  at  5  weeks  and 
no  green  leaves  were  observed  at  20  and  33  weeks. 

Density  of  Yellow  Leaves 

2 

The  number  of  yellow  leaves  per  a  was  not  determined  in  the  clearcut 

plot  at  5  weeks  after  cutting.  The  clearcut  plot  had  0.4  and  0  yellow  leaves 
2 

per  a  after  20  and  33  weeks.  The  control  plot  had  20.2,  1.2  and  2.7  yellow 
2 

leaves  per  ra  at  5,  20  and  33  weeks.  The  plot  sprayed  with  an  estimated  dosage 

2 

of  1  1/2  gallons  per  acre  had  104,  0.3  and  1.8  yellow  leaves  per  a  at  5,  20 

and  33  weeks.  The  plot  sprayed  with  an  estimated  dosage  of  3  gallons  per  acre 

2 

had  141,  0.5,  and  0.1  yellow  leaves  per  m  at  5,  20  and  33  weeks.  The  plot 

sprayed  with  an  actual  dosage  of  2.2  gallons  per  acre  had  304,  0.4  and  1.0 
2 

yellow  leaves  per  a  at  5,  20  and  33  weeks.  The  results  for  both  green  leaves 
and  yellow  leaves  are  given  in  Table  1. 

Density  of  Crabholea 

2 

The  number  of  crabholes  per  m  was  not  obtained  at  the  sampling  period 

5  weeks  after  spraying  for  any  of  the  plots.  The  clear  cut  plot  had  14.9 
2 

crabholes  per  m  at  20  and  33  weeks.  The  control  plot  had  14.2  and  15.5 
2 

crabholes  per  a  at  20  and  33  weeks,  respectively.  The  plot  sprayed  with  an 

2 

estimated  dosage  of  1  1/2  gallons  per  acre  hsd  6.8  and  13.1  crabholes  per  m 

at  20  and  33  weeks.  The  plot  sprayed  with  an  estimated  dosage  of  3  gallons 

2 

per  acre  had  13.2  and  10.'  crabholes  per  m  at  20  and  33  weeks.  The  plot 
sprayed  with  an  actual  dosage  of  2.2  gallons  per  acre  had  12.5  and  14.0 
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TA5L£  1 

# 

Density  of  green  leaves  and  yellow  leaves 

per  m2  following  aerial  application  of  fordon  101“ 


t 

Number 

leaves 

of  gr^en 
per  nr 

Number  of 
leaves  o 

ye  1), 
er  mw 

Weeks  after 

6 bra v in? 

20 

21 

JS 

20 

n 

Clearcut  plot 

V 

0 

0 

— 

0.4 

0 

Control  plot 

0.5 

0.6 

0 

20.2 

1.2 

2.7 

Spray  plots 
li  gallons  per 
acre ( estimated) 

31.4 

0.1 

0.1 

104 

0.3 

1.8 

3  gallons  per 
acre( estimated) 

29.0 

•0.8 

0.1 

141 

0.5 

0.1 

2.2  gallons  per 
acre  (measured) 

75.8 

0 

0 

304 

0.4 

1.0 

Densities  In  each  plot  are  based  on  an  average  of  10  sampling  eas 
of  0.4  nr  each  at  5  weeks  and  of  areas  of  Q.?7  m2  each  at  20  ?r.i  33 
weeks. 


* 


2 

crabholes  per  m  at  20  and  33  weeks.  These  results  are  given  in  Table  2. 

Density  of  snails 

The  number  of  live  snails  were  not  counted  at  the  5-week  interval 

in  tha  clear  cut  plot  but  at  20  and  33  weeks  the  clear  cut  had  5.1  and  13.8 
2 

live  snails  per  m  ,  respectively.  The  control  plot  had  38.1,  66.0,  and 

2 

38. A  snails  per  a  at  5,  20,  and  33  weeks,  respectively.  The  plot  sprayed  with 

an  estimated  dosage  of  1  1/2  gallons  per  acre  had  74.7,  68.2,  and  54. 8  snails 

2 

per  a  at  5,  20  and  33  weeks,  respectively.  The  plot  sprayed  with  an 

2 

estimated  dosage  of  3  gallons  per  acre  had  45.5,  56.'.)  and  3.2  snails  per  m 

at  5,  20,  and  33  weeks.  The  plot  sprayed  with  an  actual  dosage  of  2.2 

2 

gallons  per  acre  had  77.7,  15.7  and  15.5  snails  per  o  at  5,  20,  and  33  weeks. 
Density  of  Live  Seedlings 

7 

The  clear  cut  plot  had  0.6  and  0.8  rad  mangrove  seedlings  per  m  at  20 

2 

and  33  weeks.  The  number  of  black  mangrove  seedlings  was  3.3  and  2.3  m 

at  20  and  33  weeks,  respectively.  The  control  plot  had  no  red  mangrove 

2 

seedlings  at  5  and  20  weeks  but  had  0.2  per  m  at  33  weeks.  The  number  of 
black  mang’—ve  seedlings  in  the  clearcut  plot  was  0.8,  0.6  and  0.3  at  5,  20 
and  33  weeks.  The  plot  sprayed  with  an  estimated  dosage  of  1  1/2  gallons 
per  acre  had  2.0,  0.2  and  0.5  red  mangrove  seedlings  and  3.7,  2.1  and  2.2  black 
mangrove  seedlings  at  5,  20  and  33  weeks,  respectively.  The  plot  sprayed 

with  an  estimated  dosage  of  3  gallons  per  acre  had  2.0,  0.4,  and  1.7  red 

2  2 
mangrove  seedlings  per  m  and  7.3,  4.9  and  2.9  black  mangrove  seedlings  per  m 

at  5,  20  and  33  weeks,  respectively.  The  plot  sprayed  with  an  actual  dosage 

2 

of  2.2  gallons  per  acre  had  2.8,  2.5  and  0.5  red  mangrove  seedlings  per  m 

2 

and  4.4,  1.8  and  3.2  black  mangrove  seedlings  per  m  at  5,  20  and  33  weeks. 
Density  of  Dead  Seedlings 

No  dead  seedlings  were  observed  at  any  time  in  the  clear  cut  plot  and 

also  the  control  plot.  The  plot  sprayed  with  an  estimated  1  1/2  gallons  per 

2 

acre  had  0.6,  0,  and  0.4  red  mangrove  seedlings  per  m  and  2.0,  0.5,  and 

2 

0.5  black  mangrove  seedlings  per  m  at  5,  20  and  33  weeks.  The  plot  sprayed 

with  an  estimated  3  gallons  per  acre  had  0.3,  1.1,  and  0.5  red  mangrove 
■  •  2 

seedlings  per  a  at  5,  20  and  33  weeks.  The  plot  sprayed  with  an  actual 
dosase  or  2.2  gallons  per  acre  had  0,  1.8,  and  0.3  red  mangrove  seedlings 
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Tad  Li.  2 

Density  0?  cr3bholes  ani  of  the  coffee  shell 
snail  i'relan.nus  cef f eus  fqllo-A-lng  aerial 
application  of  Torlon  131“ 


l 


*  Numb 

ier  of 
oo r  n 

^rafcholes 

Number  of  snails 
oe.'  nr 

Weeks  after 
spraying 

v 

2Q 

n 

12 

n 

Clearcut  plot 

14.) 

14  9 

— 

5a 

13.8 

Control  plot 

— 

14.2 

15.5 

33.1 

66.0 

38.4 

Spray  plots 
ii  gallons  per 
acre( estimate!) 

6.8 

I 

13a 

74.7 

68.3 

54.8 

3  gallons  per 
acre(estiraatei) 

•  ***** 

13.2 

10.7 

45.5 

56.6 

3-2 

2.2  gallons  per 
acreCmeasurei ) 

12.5 

14.0 

77.7 

15.7 

15.5 

*  Densities  in  each  plot  are  based  on  r.n  average  of  10  sampling 
areas  of  0.4  nr  each  at  5  weeks  ani  of  areas  of  0.77  m2  each 
at  20  ani  33  weeks. 
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2  2 
per  n  and  4.7,  0,  and  0  black  mangrove  seedlings  per  m  at  5,  20  and  33  weeks. 

Study  of  Red  Mangrove  Growing  Tips 

The  plot  sprayed  with  an  estimated  dose  ’ of  i  1/2  gallons  per  acre  had 
50  young  red  mangrove  trees  with  at  least  one  live  growing  tip  out  of  84  trees 
that  were  counted.  The  rest  of  the  84  trees  had  no  live  growing  tips.  The 
count  was  made  at  33  weeks.  Tie  plot  sprayed  with  an  estimated  3  gallons  per 
a*.re  had  45  trees  with  at  least  one  live  growing  tip  out  of  109  trees  that 
were  counted  at  20  weeks  and  56  out  of  74  counted  had  live  growing  tips  at 
33  weeks.  The  plot  sprayed  with  an  actual  dosage  of  2.2  gallons  per  acre  had 
43  trees  with  at  least  one  live  growing  tip  put  of  107  counted  at  20  weeks  and 
92  out  cf  158  counted  hcd  live  growing  tips  at  33  weeks.  The  plot  sprayed  with 
an  ac-:al  dosage  of  4.25  gallons  per  acre  had  144  trees  with  at  least  one  live 
growing  tip  out  of  236  trees  that  were  counted  at  15  weeks  and  134  out  of  177 
had  live  growing  tips  at  28  weeks.  The  plot  sprayed  with  an  estimated  dosage 
of  6  gallons  per  acre  had  59  trees  with  at  least  one  growing  tip  alive  out  of 
195  counted  at  15  weeks.  The  plot  sprayed  with  an  actual  dosage  of  2.4  gallons 
per  acre  had  53  trees  with  at  least  one  live  growing  tip  out  of  224  trees 
counted  at  15  weeks.  No  counts  were  made  for  these  last  two  piot3  at  28  weeks. 

Figs.  2  to  5  are  maps  of  each  of  the  first  spray  sites  and  a  control 
site  showing  the  mapped  areas  and  the  identification  of  the  tree  species  along 
with  the  diameter  of  each  tree.  The  data  on  the  maps  are  summarized  in  Table 
5. 


Discussion 

Table  1  shows  that  the  effect  of  the  herbicide  application  is  to  cause 
early  abscission  of  leaves  while  they  are  still  green.  The  highest  number 
of  green  and  yellow  leaves  lying  on  a  square  meter  of  forest  floor  occurred  in 
the  plot  sprayed  with  an  actual  dosage  that  averaged  2.2  gallons  per  acre  over 
the  canopy.  One  reason  for  this  may  be  that  the  actual  dosages  received  by  the 
other  two  plots  may  have  been  much  less  than  the  levels  desired.  Another 
possibility  is  that  the  other  two  plots  have  a  greater  number  of  black  mangroves 
than  red  mangroves.  The  plot  with  an  estimated  dosage  of  1  1/2  gallons  per 
acre  was  76%  black  mangrove  (F-.g.  3)  and  the  plot  with  an  estimated  dosage 

of  3  gallons  per  acre  was  60%  black  mangrove  (Fig.  4).  The  plot  with  2.2 
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£ffect  of  aerial  application  of  fordon  lOl1* 
on  the  growing  tips  of  /?.hl  20  oh  ora  seedlings 


Number  of  seedlings 
with  no  live' growing 
tips _ 


Weeks  after 
spraying 

Spray  plots 
1&  gallons  per 
acre( estimated) 

3  gallons  per 
acre(estimated) 

2.2  gallons  per 
acre(raeasured) 

4.25  gallons  pe: 
acre(measurel) 

6  gallons  per 
acre(estlmated ) 

2.4  gallons  per 
acre(measured) 


Number  of  seedlings 
with  at  least  one 
H've  growing  -  tip 

ii  12  ia  n 


50 

45 

56 

43 

92 

144  134 

59 

53  — 


11  n  &  21 

34 

•64  18 

64  •  66 

92  43 

136 

1?1 


rtatio  of 
live  to 
deal  _ 

15  21  is.  21 

---  1.47 

0.70  3.11 

0.67  1.39 

1.56  3.12 

0.43 

0.31 
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Legend  to  Figures  2, 3, 4, 5 

O  Live  Rhizophora  mangle 

•  Dead  "  » 

°  Live  Avicennia  nitida 

0  Dead  "  •• 

A  Live  Laguncularia  raeemosa 

JL  Dead  "  •< 
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Table  5 

Composition  of  Mangrove  Forest  at  Herbicide  Experiment  Site 
on  Marco  Island  Prior  to  Spraying 


Control  Plot 

Measurement  1 

1 

Spray  Plots 

2 

3 

Numoer  Rhizophora  mangle 

Live  (diameter  <  1") 

0 

13 

41 

45 

Dead  ** 

19 

9 

13 

9 

Number  Avicennia  nitida 

Live  (diameter  <  1") 

150 

41 

63 

14 

Dead 

50 

31 

43 

3 

Number  Laguncularia  racemosa 

Live  (diameter  <  1") 

0 

0 

1 

5 

Dead 

0 

0 

3 

4 

Percent  dead  to  total  standing 

31.7 

A2.5 

64 

20 

trees 
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gallons  per  acre  was  only  222  black  mangrove  (Fig.  5).  In  this  study  the 
first  trees  to  be  completely  defoliated  were  the  white  mangroves 
(Laguncularia  racemosa) .  Red  mangroves  were  also  very  susceptible  to 
herbicide  but  loss  of  leaves  took  longer.  The  least  susceptible  were  the 
black  mangro-es  which  helps  to  explain  the  lower  leaf  counts  of  the  plots 
with  che  estimated  dosages. 

By  the  time  20  weeks  had  elapsed  the  number  of  fallen  green  and  yellow 
leaves  on  the  ground  had  decreased  to  levels  equal  to  or  slightly  lower  than 
the  control  plot  levels.  The  2.2  gallons  per  acre  plot  was  defoliated  to  such 
an  extent  that  no  green  leaves  were  observed  on  the  ground  at  20  or  33  weeks 
after  spraying.  The  low  values  for  all  of  the  plots  at  20  weeks  indicate 
that  defoliation  had  progressed  as  far  as  it  was  going  to  by  that  time. 

One  of  the  fauna  occurring  in  significant  numbers  in  every  plot  was  the 
coffee-shell  snail,  Melampus  cof feus ■  This  animal  occurs  on  the  forest  floor, 
on  the  prop  roots,  the  pneumatophores  and  the  mangrove  trees  and  is  a  grazer 
of  detritus  and  algae  in  the  mangrove  community.  Although  a  count  was  not 
made  before  clear  cutting,  the  counts  made  after  the  fact  were  very  low 
compared  to  the  control  plot.  This  indicates  that  the  snail  has  left  the  clear 
cut  area  for  some  reason.  The  same  phenomenon  was  observed  in  the  plots 
sprayed  with  an  actual  dosage  of  2.2  gallons  per  acre  and  an  estimated  dosage  of 
3  gallons  per  acre.  The  plot  sprayed  with  an  estimated  1  1/2  gallons  per 
acre  has  also  shown  a  decline  in  the  number  of  snails  with  time  after 
spraying  but  not  as  noticeable  as  the  other  two  plot3.  The  reason  for  this 
decline  in  snail  numbers  may  be  due  to  the  presence  of  increasing  amounts  of 
solar  radiation  reaching  the  forest  floor.  This  would  have  the  effect  of 
heating  the  water  and  the  soil  to  temperatures  that  are  too  high  for  the  snail 
to  tolerate.  The  question  that  arises  here  is  whether  the  snails  leave  or  do 
they  die. 

Another  animal  that  is  commonly  found  in  mangroves  is  tbe  fiddler  crab  which 
i3  represented  by  many  species  in  the  genus  Uca.  Fiddler  crabs  dig  burrows  and 

so  to  obtain  a  rough  estimate  of  the  numbers  of  fiddler  crab?  the  number  of 
2 

crabholes  per  m  was  counted  in  each  plot.  Table  2  ahowa  that  there  is  very 
little  difference  in  the  number  of  crabholes  as  the  time  after  spraying  increases 
The  validity  of  using  this  technique  as  an  indicator  of  crabs  present  is 
questionable.  Obviously,  the  presence  of  a  hole  is  not  a  positive  indicator 
that  the  crab  is  still  there.  However,  based  on  the  available  data  it  does 
not  appear  that  elimination  of  the  canopy  significantly  effects  the  fiddler 
crab  population  in  the  sprayed  and  <._ear  cut  plots. 


'4 
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Tablu  3  shows  tl.ac  Che  overall  effect  of  spraying  was  to  decrease  the 
number  of  live  seedlings  as  the  time  after  spraying  increased.  \norher  cause 
of  seedling  death  was  probably  from  the  many  investigators  walking  In  the 
plots.  Although  the  niaxr  of  live  red  and  black  mangrove  seedlings  decreased, 
the  number  of  dr ad  reu  *..\  black  mangrove  seedlings  did  not  correspondingly 
increase  ve  ’  c  '.’n.  r -’iscrepancy  here  may  be  due  to  the  sampling 
technique.  D’ffe.'er.t  r  is  were  sampled  at  each  sampling  period  after  spraying 
and  there  may  be  seme  t..  ntentional  bias  entering  in  here.  Dead  red  mangrove 
seedlings  do  ap;  ea*-  t?  ... '.rease  in  two  of  the  three  sprayed  plots  and  remain 
reasonably  const..  .*  in  t.  ;  .’♦•her  plot. 

Because  no  dt.  tni^e  conclusion  can  be  made  as  to  why  live  seedlings  are 
decreasing  and  dead  bia  k  mangrove  seedlings  are  not  correspondingly  Increasing 
but  are  instead  decreasing,  another  means  of  measurement  was  devised  to  find  out 
if  the  herbicide  was  influencing  seedlings.  The  number  of  seedlings  with  at 
least  one  live  growing  tip  were  compared  to  those  with  no  live  growing  tips. 
Table  4  shows  a  column  indicating  the  ratio  of  seedlings  with  at  least  one 
growing  tip  to  these  with  no  growing  tips.  In  every  spray  plot  where  two  time 
periods  have  been  observed  this  ratio  haa  increased.  The  significance  of  this 
is  that  those  seedlings  with  no  growing  tips  are  beginning  to  recover  from  the 
spraying.  The  dosage  in  the  understory  where  these  seedlings  are  found  was 
found  to  be  about  0.5  gallons  per  acre  when  measured.  The  effect  of  the 
herbicide  in  many  instances  was  to  kill  the  growing  tips  but  not  to  defoliate 
the  older  leaves.-  Apparently  this  has  enabled  the  young  mangrove  trees  to 
recover.  An  effect  of  the  herbicide  is  noticeable  by  the  occurrence  of  the 
new  growth  coming  out  a  side  shoot  rather  than  its  normal  position  which  was 
killed  by  the  herbicide. 


10.  Section  in  Part  A  Based  on  Fla-NAS  Contract 

The  following  is  the  section  prepared  for  Part  «  of  the  report  to  Congress  and 
Committee  approved  July,  12,  1973.  It  summarizes  some  findings  of  the  contract. 

VIII.  EFFECTS  OF  HERBICIDES  ON  ECOSYSTEMS 

The  NAS  Committee  was  asked  to:  "Investigate  the  ecological  and  physio¬ 
logical  effects  of  the  defoliation  and  crop  destruction  programs  in  SVN." 

Results  and  conclusions  of  greater  or  lesser  degree  of  confidence,  dependent  on  a 
variety  of  factors,  flow  from  such  a  study.  One  caution  in  Interpreting  such 
a  study  is  to  avoid  the  common  tendency  to  assume  that  all  changes  are  effects 
only  of  the  impact  of  the  agents  (herbicides)  being  studied.  Such  an  interpreta¬ 
tion  would  be  inappropriate  in  this  case  since  it  it  known  that  many  changes 
were  taking  place  independent  of  herbicide  sprays  in  the  period  since  1962. 

Another  common  error  is  failing  to  consider  secondary  interactions,  feedback 
actions  and  time  delays.  To  recognize  and  evaluate  such  complexities  while 
visualizing  the  relationships  of  man  and  nature  in  overview,  systems  diagrams 
are  helpful.  For  example,  a  simplified  overview  Vietnam's  energy  basis  ia 
drawn  in  Figure  1.  This  diagram  shows  the  actio;'  ot  war  and  herbicide  accelerat¬ 
ing  recyclic  reuse  of  disordered  lands,  building  materials  from  damaged  towns, 
displaced  populations,  and  nutrient  chemical  elements.  These  are  all  parts 
out  of  which  new  order  Is  generated  when  they  are  fed  back  to  stimulate  re- 
growth,  interacting  with  energy  sources  available  for  reconstruction.  Quan¬ 
titative  evaluation  of  the  rate3  gives  perspectives  on  what  is  important,  and 
computer  calculations  are  used  to  show  cumulative  effects. 

The  defoliation  and  crop  destruction  programs  in  SVN  had  undeniable 
ecological,  physiological ,  social  and  economic  impacts.  Similar  effects  from 
different  causes  are  present  in  many  areas  of  the  world  including  Vietnam. 

In  Vietnam,  as  a  result  of  the  war,  there  wer  •'rssive  social  and  economic 
changes  associated  with  the  transformation  of  the  economy  and  movement  of 
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peoples;  there  were  vast  areas  exposed  to  destructive  forces  of  b.Mbing  and 
shelling.  The  Impacts  of  defoliation  and  crop  destruction  must  be  considered 
and  interpreted  within  this  context.  The  relative  magnitudes  of  component 
sources  of  Impacts  must  be  considered  in  order  to  maintain  an  overall  perspec¬ 
tive. 

Large  scale  systems  of  man  and  nature  such  as  Inland  forest,  mangrove 
forest,  agricultural  countryside,  and  urban  areas  undergo  continuous  processes 
of  construction ,  self  maintenance,  and  reconstruction  that  tend  to  increase 
or  replace  the  amount  of  organized  structure  in  the  form  of,  for  example,  human 
settlement,  trees,  soil,  or  wildlife.  At  the  same  time  there  are  natural 
tendencies  for  structures  to  deteriorate  with  time.  There  are  also  upoeial 
disruptive  pioceoae*  such  as  earthquakes,  hurricanes,  and  war,  including, for 
example,  the  defoliation  and  crop  destruction  programs. 

Viewing  Vietnam's  processes  as  a  whole  assists  in  gaining  insight  into  the 
relative  magnitude  of  any  one  disruptive  process.  One  way  of  doing  this  is 
to  combine  understanding  of  relationships  in  ctmplified  systems  diagrams  like 
that  in  Fig.  1.  Simplified  sumnarizations  are  sometimes  called  models.  Dia¬ 
gramming  and  quantitative  evaluating  of  the  pathways  of  causative  action  are  also 
a  means  of  recognizing  and  presenting  mathematical  relationships,  which  can  then 
be  combined  in  computer  calculations  to  make  predictions  as  to  the  effect  of 
assumptions  used  in  simplifying  the  diagrams  and  the  data  used  in  writing  the 
mathematical  equations.  Along  with  human  intuition  and  judgment  the  "systems 
modelling  methods"  have  been  demonstrated  as  a  useful  tool  for  objf  :tive  fore¬ 
casting  of  the  relations  of  parts  of  the  environment  to  show  consequences  in 
time  of  their  interactiora .  In  our  study  several  models  and  computer  simulations 
were  made  including  the  conditions  of  temperature  affecting  mangroves  in  bare 
mud  micrchabitat  (See  Part  B) ,  the  flows  of  nitrogen  and  phosphorus  affecting 
the  reforestation  in  the  Rung  Sat  estuary  (Fig.  2),  the  effect  of  seedling 
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supply  and  wood  cuttirg  on  mangrove  reforestation  (Fig.  3),  and  the  impact  of 
herbicide  on  the  overall  energy  budget  of  Vietnam  as  a  whole. 

Herbicide  and  Other  Effects  on  the  Mangrove  Ecosystem 

Particular  attention  was  given  to  the  mangrove  forest  because  the  mag¬ 
nitude  of  disruption  by  the  defoliation  program  was  obviously  greater  than 
for  other  vegetative  types,  and  because  the  most  affected  mangrove  area  (the 
Rung  Sat)  was  available  for  field  study  to  obtain  basic  information  used  in 
the  systems  model. 

Eefore  herbicide  spraying  (1958)  about  51  percent  of  the  Rung  Sat  was 
mangrove  forest.  The  rest  was  water  (22%),  bare  soil,  brush,  and  agriculture. 

The  fish  and  shrimp  food  chains  in  the  waters  were  receiving  organic 
matter  from  three  sources:  (1)  three  inflowing  rivers,  (2)  the  mangroves,  and 
(3)  photosynthesis  of  phytoplankton.  The  vigorous  eight  foot  tide  was  ex¬ 
changing  the  estuarine  waters  with  the  South  China  Sea  every  few  days.  Oxygen 
levels  in  the  water  were  apparently  between  5  and  6  ppm,  which  is  slightly 
below  saturation  as  expected  where  there  is  much  consumption  of  organic  matter 
irrlowing  from  rivers  and  swamp.  Acidity  was  in  the  range  of  pH  6-7  in  low 
salinity  zones,  grading  to  the  usual  8.2  in  the  open  sea.  There  was  a  fishery 
using  non-mechanized  means  by  people  in  the  mangrove  areas.  Waters  were  slight¬ 
ly  turbid  as  characteristic  of  a  river  delta  region. 

Data  available  before  spraying  were  used  to  make  some  inferences  on  the 
estuary  and  some  inferences  were  made  by  a  comparison  of  the  waters  in  defoliated 
and  non-defoliated  sections  of  the  Rung  Sat. 

After  spraying,  and  as  examined  in  1972,  defoliation  and  other  changes  due 
to  war  such  as  increased  river  traffic,  dredging,  and  more  use  of  motorized 
fishing  vessels  had  affected  the  aquatic  ecosystem  in  several  ’’ays .  Increased 
turbidity  of  water  due  to  organic  detritus  from  decomposing  mangrove  and  greater 


siltation'  contributed  to  t'ecreased  phytoplankton  ahd  zooplankton,  thereby  lower¬ 
ing  oxygen  levels  to  between  3  and  4  ppm.  There  -4s  no  significant  change  in 


pH  during  this  neriod.  The  total. fish  catch  p<-r  _|it  effort  of  fishing  vessel 
declined  confirming  information  from  interviews  thjat  stocks  were 
down.  Since  motorized  fishing  has  been  introduced 
the  decline  in  fish  catch  per  unit  effort  was  due  t 
mangrove  habitat,  increased  water  turbidity,  or  oth 


we  do  not  know  what  part  of 
[o  overfishing,  to  loss  of 
!er  factors. 


Because  some  of  the  foods  for  aquatic  life  in  the  estuary  are  being  sus¬ 


tained  by  decomposition  of  the  residual  sprayed  mangroves  a  continuing  decline 

I 

in  this  fraction  of!  the  estuary's  nutritional  status  is  anticipated.  If  there 

*■  M1  ! 

is  a  delay  in  recolbnization  of  the  mangrove  area,  there  may  be  a  delay  in 

i 

| 

restoring  the  mangrove  component  to  the  fishery  food  chains.  However,  the 

I 

fraction  of  detritus  that  comes  from  the  river  is  not  expected  to  change  much, 
and  phytoplankton  contributions  may  increase  again  as  turbidity  decreases. 

One  major  impediment  to  recovery  of  sprayed  mangrove  forests  is  the  avail¬ 


ability  of  young  trees.  Some  mangroves,  e.g.  Rhlzophora  reproduce  by  means  of 

large  seedlings  which  do  n<"t  drop  from  the  parent  tree  until  they  are  8  inches 

* 

| 

long  or  more,  others  by  nut-like  fruits,  e.g.  Avlccnhia.  In  all  types  of  man- 

I 

grove  the  seedlings  or  nuts  float  and  are  dispersed  by  tidal  water.  In  Rhlzophora 
because  the  seedling  are  large,  relatively  few  can  be  produced  by  a  tree  in  a 

i  ] 

year.  In  managed  Rhlzophora  mangrove  forest  recommended  practice  for  artificial 
regeneration  is  to  start  two  seedlings  per  square  meter.  See  Table  j.  In  the 

I 

Rung  Sat,  few  trees  remain  that  are  capable  of  supplying  the  quantity  of  seedlings 

or  fruits  required  for  early  regrowth.  Cutting  for  firewood  is  now  concentrated 

I 

in  the  small  area  of  remaining  mangrove  so  trees  are  kept  scrubby  with  few  large 

i 

seed-yielding  trees  left.  Only  trees  on  the  edges  of  water  courses  release  a 
significant  number  of  fruits  or  seedlings  into  water  for  distribution  to  bare 
areas.  There  is  also  a  large  mortality  of  fruits  and‘  seedlings  between  the 

t 

time  of  release  and  establishment  of  a  sapling  tree,  i 
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Table  1 

Seedlings  Numbers  for  Reforestation  of  Rhizopbora 


Data  on  Seedlings 

Seedlings  per  Acre 

Recommended  planting  for  reforestation 

8,000 

Now  sprouting  in  central  Rung  Sat  by  1972^ 

65 

Number  produced  on  an  acre  of  larger,  well- 
nourished  treesc 

28,000 

Number  surviving  within  a  scrubby,  cut-over 
forest  in  Vietnam1* 

14.400 

Number  reaching  open  water  from  seed  source 
area3e 

450 

Number  colonizing  bare  areas  by 
calculation^ 

12 

Computer  Simulations  (See  Fig.  3)® 


Number  of  seedlings  starts  from  outside 
that  must  survive  each  year  to  achieve  full 

canopy  in  50  years  15 

Number  of  seedlings  starts  from  outside 
that  must  survive  each  year  to  achieve 

full  canopy  in  15  yaars  75 


28S 


Footnotes  to  Table  1 
a  Moquillon  (1944),  Noakes  (1555). 

b  Counts  of  seedling  In  50  ground  photographs  taken  in  1972. 

c  Counts  from  Puerto  Rico.  Florida  and  Vietnam, 

d  Counts  at  Vung  Tau,  March  1972. 

e  Seedlings  produced  on  the  edge  of  tidal  canals  where  ratio  of  canal 

2 

margin  to  swamp  area  is  about  2  m/100/n  and  83  seedlings  overhanging 

2 

per  meter  of  canal  per  year;  seedling  area  100  Km  (Rookery  Say,  Florida), 
f  One-quarter  reaching  ba:  e  areas  and  10  percent  of  these  surviving, 
g  Assumes  seedlings  are  introduced  from  outside  each  year,  and  that  the 
stated  number  of  seedlings  survives  at  least  to  the  end  of  the  first 
year,  therefore  to  be  subject  to  normal  mortality.  Regeneration  will  be 
to  an  extent  determined  by  land  uses. 


In  the  central  Rung  Sat,  the  number  of  seedlings  becoming  established  is 
only  a  tiny  fraction  of  that  required  for  rapid  reforestation.  Table  1  has 

po.tiac.il  numbers  on  seedling  sources  and  needs.  A  model  of  relationships 
of  some  main  factors  is  given  in  Fig.  3a.  Computer  calculation  of  the  seed 
production  and  distribution,  seedling  mortality,  tree  harvest  and  other 
factors  shows  that  if  seedlings  are  not  supplied  and  if  wood  cutting  of  seed 
bearing  trees  continues  the  recovery  time  may  be  _a  long  as  120  years.  See 
Fig.  3b.  • 

100  years  could  be  saved  by  aerial  broadcast  of  1000  seedlings  per  acre, 
for  150,000  acres,  or  150,000,000  seedlings.  This  would  require  the  annual 
seed  yield  of  5,000  acres  of  mangroves  broadcast  over  the  bare  areas  of  the  Rung 
Sat.  These  calculations  are  based  on  aerial  planting  studies  that  suggest  10 
percent  survival  of  seedlings.  If  survival  Is  less,  more  seedlings  are  required, 

If  planted  by  ground  labor,  fewer  seedlings  would  be  required. 

There  was  greater  seedling  survival  in  shaded  spots  than  in  areas  exposed  to 
full  sunlight  and  drying,  where  mud  temperatures  reach  104°  F.  and  briny  condi¬ 
tions  and  compaction  have  developed  as  a  result  of  defoliaiton  on  higher  grounds 

One  question  that  arises  in  any  reforestation  problem  is  the  availability 
of  plant  nutrients,  especially  phosphorus  and  nitrogen.  Defoliation  was  often 
followed  by  woodcutters  who  completely  removed  the  woody  pajrts  of  the  mangrove 
trees,  so  that  nutrients  in  the  wood  were  removed  from  the  system.  Soil  studies 
indicate  this  is  a  small  fraction  of  available  nitrogen,  but  for  phosphorus  it 
can  be  a  larger  fraction.  However,  the  amount  of  phosphorus  scored  in  mud  and 
coming  into  the  Rung  Sat  from  the  riverflow  each  year  appears  to  be  more  than 
ample  to  supply  the  quantity  required  for  reforestation.  Note  quantities  of 


Woodcutter 


Figure  3a 


Addition  of  75  Saedlin 


Fit.  3b.  Computer  prediction  of  reforestation  of  Rung  Sat  mangroves  with  and  without  planting  by  man. 

{Simulation  diagram  is  in  the  section  of  Part  B  on  modeling  of  Rung  Sat  mangroves.)  Woodcutters 
harvest  3Z  of  forest  each  year.  Producti ty  of  the  forest  is  16  tons  per  acre  per  year 
(i369  gms  per  per  year). 
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phosphorus  and  nitrogen  in  leaves  and  wood  in  Fig.  2  as  compared  with  that  in 
mud  and  flowing  in  from  the  river  each  year.  The  measurement  made  in  our  sampling 
in  sprayed  areas  shoved  adequate  phosphorus  hold  in  soils.  Thus, 

nutrients  do  not  appear  to  be  nearly  so  limiting  as  is  seedling  availability. 

An  Overall  Energy  Evaluation  of  Herbicide  Impact 

Viewing  Vietnam's  processes  as  a  whole  assists  one  in  gaining  insight  into 
the  relative  magnitude  of  the  main  disruptive  processes  which  are  included  as 
pathways  of  material  and  energy  flow  in  Fig.  1.  One  way  of  doing  this  is  to 
tabulate  all  of  the  main  energy  flows,  constructive  and  destructive,  those  of 
nature  such  as  the  sun,  and  those  of  the  cities  such  as  fossil  fuels.  Energy 
of  low  quality  such  as  sunlight  is  expressed  in  equivalents  of  chemical  potential 
energy  after  the  sunligTit  is  transformed  by  photosynthesis.  Expression  of  high 
quality  energy  such  as  work  of  human  labor  and  urban  technological  economy  is 
expressed  in  equivalents  of  fossil  fuel  required  to  generate  this  work. 

The  energy  cost  accounting  method  was  used  to  estimate. overall  impact  of 
military  use  of  herbicides  in  South  Vietnam.  Energy  effects  produced  by  herbicides 

directly  and  indirectly  were  compared  with  the  total  energy  budget  of  all  SVN. 

The  best  data  available  to  us  for  calculation  of  an  energy  budget  are  given  in 
Tables  2  and  3.  These  data  were  used  to  construct  a  diagram  of  energy  flow 

(Fig.  1)  which  shows  the  direct  and  indirect  affects  as  they  were  used  in  cal¬ 

culations. 

Figure  1  shows  that  the  main  inflows  to  the  country  are  purchased  fuels, 
military  import  of  fuels,  energy  in  rivers  and  tide3,  gross  photosynthetic 
production  in  agiiculturc  as  stimulated  by  human  activities  using  purchased 
inputs,  and  the  very  large  photosvnthetic  production  in  natural  vegetation, 
including  upland  forests,  mangroves,  and  the  coastal  waters. 
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Table  2 

Annual  Energy  Budget  cf  Vietnam  in  1965  and  the  Impact  of  Herbicide 


1012 

Kilocalories 
Per  Year 

Effect  of  Her 

bicide 

Item 

Million 

Dollars 

Per  Year 
Equivalent* 

.  / 

Intel  rup ted 

Energj  Per  Year 
101*  kcal/yr 

Percent 

Change 

Human  Settlement  (fuels)3 

101 

7,230' 

2 

-2 

Agriculture'5 

128 

9,140 

2.5 

-2 

Inland  Forestc 

Area  Sprayed  Once  (1.22)** 
Area  Sprayed  2  Times 

1460 

104,200 

5.8 

-0.4 

or  More  (0.72)e 

5.3 

-0.2 

Mangroves  * 

61 

4,360 

4.9 

-8 

Estuarine  Ecosystem  Production 

8  29 

2,072 

1.8 

-6.6 

Energy  in  Rivers*1 

644 

46,000 

0 

0 

Tidal  Energy*" 

152 

10,860 

0 

0 

Chemical  Energy  in  Runoff^ 

119 

8,510  , 

0 

o  V 

1c 

Thermal  Heating 

1680 

120,  '’OO 

0 

0 

Wind  Absorption* 

52 

3,720 

0 

0 

Total  ■ 

4426 

316,000 

22.3 

-0.5 

294 


Footnotes  for  Table  2 

*  14,000  kilocalories  of  chemical  potential  energy  was  estimated  to  be 

processed  as  work  per  dollar  circulated. 

+  Total  spray  acreages  for  five  years  of  spraying  were  divided  by  5  to 
obtain  annual  values  of  herbicide  disruption. 

a  Sum  of  purchased  and  military  fuel  imports.  Purchased  fuel  imports  were 
3 

estimated  as  10  metric  tons  and  converted  to, calories  of  work  by  multi¬ 
plying  by  10®  grams  per  tor.  ar.d  10  kcal  per  gram.  Military  fuel  imports 
were  estimated  as  10®  barrels  per  year  and  multiplied  by  10®  kcal  per 
barrel.  Fuel  use  was  estimated  as  disrupted  1.92  in  proportion  to  1.92 
of  the  land  area  sprayed  affecting  human  activities  for  the  year. 

b  .  Chemical  potential  energy  entering  the  system  each  year  as  agricultural 
production  was  estimated  by  multiplying  agricultural  land  (8  x  10®  acres) 

3  2 

by  4  x  10  to  convert  to  square  meters  and  by  40  keal/m  /day  of 

estimated  gross  photosynthesis  and  by  100  days  estimated  as  the  time  crops 

were  in  leaf  each  year.  Two  percent  was  estimated  of  this  area 

disrupted  per  year  during  spray  years. 

c  Chemical  potential  energy  entering  the  system  each  year  as  gross  photosyn¬ 
thesis  of  inland  forest  lands  was  estimated  by  multiplying  area  of 

7  3  2 

vegetated  lands  (2.5  x  10  )  areas  by  4  x  10  m  /acre  to  convert  to  square 
meters  and  estimated  averages,  and  then  by  hot  synthetic  rate  including 
dry  season  (40  kcal/m^/day)  and  then  by  365  days  of  green  cover  to  obtain 
1460  x  1012  kilocalories  per  year. 

d  Herbicide  disruption  per  year  on  single  sprayed  areas  was  estimated  as 

defoliation  of  half  of  the  leaves  for  half  of  the  year  on  the  1.4%  of  forested 
land  sprayed  once  per  year. 
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e  ’disruption  on  area  sprayed  tvt.ce  or  more  was  estimated  as  fifty  percent 
of  .77,  of  the  forested  area  enrayed  more  than  once  per  year, 
f  Chemical  potential  energy  contributed  each  year  by  mangrove  photosynthsis 
was  estimated  a3  the  number  of  acres  (0.7  10^)  multiplied  to  convert  to 

square  meters  (4  x  103  a2 /acre),  multiplied  by  photosynthetic  rate 
(60  kcal/m^/dny)  and  multiplied  by  365  days  p*~r  year  to  obtain  61  x  103 “ 
kcal/year . 

Herbicide  interruption  was  estimated  to  be  half  of  the  area  of  mangroves 

* 

g  Chemical  potential  energy  from  estuarine  photosynthesis  was  estimated  as  the 

c  3  n 

product  of  the  area  (10°  acres),  converted  to  square  meters  (4  x  10  m“/acre) 
the  estimated  photosynthetic  rate  (20  keal/m  /day  usii.ft  values  from  Galveston 
Eay  which  has  similar  turbidity)  and  the  number  of  days  per  year  (365)'. 

Interruption  due  to  herbicide  was  estimated  as  that  part  of  the  estuary 
within  the  herbicided  area  (about  33”). 
h  Energy  in  rivers  was  estimated  a?  the  potential  energy  against  gravity  in 
the  annual  rainfall  (2m  x  1.72  x  1033  square  m  in  RVN)  which  is  the 
volume  times  average  height  of  RVN  (800  m)  times  density  of  freshwater 
(103  kg/m3)  times  the  acceleration  of  gravity  (9.8  m/sec2)  end  multiplied 
by  2.39  x  L>”^  to  convert  from  joules  to  kilocalories, 
i  Tidal  energy  was  estimated  as  the  potential  energy  of  coastal  water  elevated 
and  then  absorbed  in  frictional  work.  Energy  was  estimated  as  product  of 
water  volume  (estimated  area  of  1.45  x  103°  m2  times  the  height  of  the  tidal 
range  each  day  (6m  including  two  tides  per  day)],  the  number  of  days  per 
year  (365),  the  average  height  of  lifting  water  against  gravity  (2m),  the 
density  of  water  (1.02  x  10  kg/ar),  the  acceleration  of  gravity  (9.8  m/sec") 
and  conversion  from  Joules  to  kilocalories  (2.39  %  10”^). 
j  The  chemical  potential  ene^qy  in  1/3  of  rain  reaching  sea  in  rivers  reacting 


with  salts  was  estimated  using  .*>.pr<  as  ion  far  energy  in  one  .,:o  ( «.■  of  waits' 

AF-AF^Sl'Mfi/c,) 

multiplied  by  the  moles  of  water  flowing  par  year  (vatc-r  weight  divined 
by  the  molecular  weight,  18).  Water  was  estimated  as  2m  tir.es  area 
(1.72  x  10  tn'-)  times  , 1/3.  Change  In  water  concentration  in  joining 

the  sta  is  that  of  a  chemical  from  fresh  to  sea  water  Oi  =  .965  and 
Ci  -■*  1,  R  is  gas  constant (1.98),  and  temperature  is  300°i<  and  =  0. 
k  Wind  energy  generated  by  temperature  gradients  generated  by  sun's  heating 
and  that  due  to  downward  diffusion  of  wind  into  the  air  space  that  may 
be  counted  is  part  of  the  country.  If  the  heat  gradient.  (AT)  generated 
between  land  and  air  is  maintained  at  2°C  the  potential  energy  available 
to  atmospheric  heat  energies  is  the  product  of  the  Carnot  ratio  and  the 
Kelvin  temperature  (300°)  and  the  total  heat  flux  generated  in  absorbing 
the  sun's  energy  (4,000  kcal/a~/day  times  area  1.72  x  10^  m~)  times 
365  days. 

i  The  energy  from  wind  eddies  that  are  externally  generated  was  estimated 

as  the  kinetic  energy  at  300m  times  the  eddy  diffusion  coefficient 

(104  cm 2 /Sec)  transferring  me  manures  downward  where  it  is  absorbed  in 

stirring  the  lower  layers.  The  kinetic  3  c  cubic  centimeter  is  the 

product  of  half  of  the  mass  (air  density  10“ ->5/ cm*)  times  the  square  of 

the  velocity  (444  cr./sec)  and  the  gradient  is  obtained  by  dividing  by 

height  of  the  layer  (30,000  cm).  Ft.  the  whole  country,  multiply  by 
15  -> 

area  (1.72  x  10  cm^).  To  convert  ergs  to  kilocalories  multiply  by 

2.39  x  10"^  and  for  a  y<_ar  3.15  x  10^  sec'yr. 
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Table  3 

Cumulative  Disruption  Estimated  1965  Through  1985a 


>> 


Item 

Disruption 

Per  Year 
(See  Table  l) 
10^2  keal/vr 

Assumed  Length 
of  Time 
of  Disruption 
Years 

,  Cumulative 
Energy 
Disruption 
1012  kcal 

Effect  of  Cumulate 
Disruption  on 
Total  Energy 
Economy"*",  Fercent 

1, 

Human  Settlement 

10 

1 

10 

U.LTj 

Agricu] fure^ 

12.5 

1 

12.5 

U.UJ 

Inland  Forest 

Sprayed  Oncec 

29 

0.5 

7 

U.U2 

Sprayed  Twice  or  More^ 

29 

10 

.18 

0.61 

e 

Mangroves 

24  r 

20f 

245 

0.69 

Estuarine  Production? 

9.66 

5 

22.5 

0.06 

Total'1  . 

515 

1.44 

'ootnotes  to  Table  3 


% 


a  Estimated  as  the  energy  disrupted  times  th~  number  of  years  disrupted, 
b  Disruption  was  estimated  as  that  in  Table  _  (1.9%  of  the  area  for  one  year) 
times  5  such  yearu . 

c  Disruption  was  estima.ed  as  half  of  the  pvoduction  in  Table  2  of  area 
sprayed  once  (1.2%)  times  half  of  a  year, 
d  Disruption  estimated  as  3/4  of  the  production  in  Table  £  of  area  sprayed 
twice  (0.7%)  times  10  years. 

Disruption  was  estimated  as  half  of  the  production  rate  in  Table  2  of  the 
area  sprayed  (50%)  for  20  years. 


e 
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f  Assumes  a  seeding  program  to  supply  seedlings  to  bare  areas, 

g  Disruption  based  on  half  of  the  production  in  Table  2  for  the  area 

sprayed  (1/3)  for  five  years  during  period  of  decay  and  dispersion  of 

.1 

turbidity. 

h  Total  energy  budget  in  Table  "2(1780  x  1012  kcal/yr)  times  20  years 
equals  35,600  x  10^*"  kcal. 
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For  that  part  of  the  system  that  has  money  exchange  for  value  received 
one  may  list  both  money  and  energy  budgets  per  year.  These  ere  pathways  in 
Figure  5  that  have  a  solid  line  (energy)  and  a  dashed  line  ($)  running  in  oppo¬ 
site  direction  as  payment  for  the  work  done.  (Work  is  useful  energy  application.) 
For  these  parts  of  the  economy,  it  is  possible  to  calculate  a  ratio  of  money 
to  energy  flow  which  in  SVN  was  about  14,000  kilocalories  per  U.  S.  dollar.  Thus, 
if  data  for  some  part  of  the  economy  are  in  dollars  one  tnay  estimate  roughlv  the 
kilocalories  of  work  done  all  through  the  economy  in  support  of  that  work. 

One  may  use  the  energy  to  dollar  ratio  in  a  reverse  way  to  show  money  equiva¬ 
lent  to  the  energy  provided  by  nature  in  tides,  ecosystems,  photosynthesis,  and 
other  work  for  which  there  is  no  exchange  of  money.  In  Table  2  the  second  column 
has  some  dollar  equivalents  calculated  with  the  energy/money  ratio  to  give  an 
appreciation  of  the  amount  of  work  provided  by  nature,  which  we  often  regard  as 
"free."  Agriculture  gets  part  of  its  energy  from  the  work  of  nature  free  of 
money  charges  so  that  its  total  dollar  equivalent  is  larger  than  the  money  that 
exchanges  in  agricultural  sales. 

In  the  third  column  of  Table  2,  the  impact  of  herbicide  on  the  energy 
economy  is  given  for  one  year  as  best  we  can  estimate  it  from  available  data. 
Column  4  has  the  percent  change  due  to  herbicide.  The  total  change  estimated 
for  herbiciaal  effect  is  U.5  percent  of  the  total  energy  budget  for  each  of 
the  years  1965-1971. 

These  calculations  do  not  indicate  whether  a  change  is  good  or  bad.  For 
example  some  who  advocate  that  mangrove  lands  be  used  for  rice  believe  that 
mangrove  clearing  is  good,  whereas  others  regard  the  mangrove  interruption  as 
a  loss.  It  depends  on  what  land  use  is  intended  in  the  future.  There  Is  also 
the  energy  value  of  ships  to  and  from  Saigon  not  sunk  because  of  clearing  the 
mangroves. 

The  herbicide  disruption  was  estimated  in  Table  2  for  one  year.  The 
total  effect  depends  on  the  time  required  for  recovery.  If  energies  are 
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available  for  reconstruction  restoration  may  be  rapid.  The  creation  of  dis¬ 
rupted  lands  stimulates  the  recovery  of  these  lands  since  they  are  susceptible 
to  reorganization  by  new  energy  flow.  In  the  mangroves  special  factors  of  seed 
shortage  delay  recovery.  In  Table  3  the  time  for  restoration  of  the  canopy  is 
used  to  estimate  the  cumulative  effect  from  time  of  spraying  until  recovery  of 
pnotosynthetic  activity.  For  inland  forest  and  agriculture  defoliated  after 
one  spraying  this  has  been  assumed  to  be  one  season  or  less  since  only  part 
of  the  canopy  was  defoliated  and  most  trees  have  enough  reserves  to  refoliate 
once.  For  mangroves  restoration  of  canopy  takes  much  longer. 

The  duration  of  mangrove  interruption  depends  on  delays  in  a  decision  of  :  |j' 

r 

whether  to  add  seedlings  or  put  the  land  to  another  use.  The  interruption 
that  is  attributable  to  herbicides  is  calculated  to  the  present.  Future  de¬ 
lays  in  making  a  decision  may  result  in  a  delay  in  attaining  full  productivity  of 
the  Rung  Sat,  but  productivity  losses  due  to  delays  in  making  a  decision  cannot 
be  necessarily  attributed  to  the  herbicide. 

The  model  in  Figure  1  was  simulated  cn  computer  to  obtain  curves  of  over¬ 
all  value  in  energy  units  during  the  period  of  recovery,  a  time  when  other  * 
energies  were  also  varying  due  to  the  war.  Figure  4  Bhows  one  of  the  computer 
graphs 
For  t'l 
used  t 
effort 

In  the  last  column  of  Table  2  the  time  of  energy  interruptions  was  com¬ 
bined  with  amount  of  energy  interruption  per  year  to  obtain  an  estimate  of  the 
overall  cumulative  effect  to  1980  on  the  energy  budget  of  SVN.  This  was  shown  to 
be  0.6  percent.  An  analysis  of  the  entire  system  shows  that  the  largest  energy 
input  of  the  defoliation  program  has  been  the  destruction  of  ...angroves .  If 
during  the  same  period  the  energy  increase  due  to  U.S.  aid  were  estitvted  at 
500  million  dollars  per  year  the  effect  in  increasing  energy  value  would  be 


suggesting  the  overall  shape  of  interactions  with  and  without  herbicide. 

e  assumptions  made  about  the  factors  controlling  growth  and  for  the  data! 

i  .  ' 

be  graph  shows  future  patterns  in  Vietnam  with  and  without  the  herbicide 
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12 

about  1.7  percent  of  the  20-year  energy  bud^^t  of  81,130  x  10  kilocalories 
(based  on  a  conversion  of  14,000  kilocalories  per  dollar). 


